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Atherosclerotic cardiovascular disease is a major health problem in the United States. In 
particular, coronary heart disease (CHD) is the leading cause of death in men and women 
in the United States, as well as in other industrialized countries. Extensive observational 
epidemiologic data within and bettveen populations have strongly linked such various factors 
as untreated hypertension, diabetes, cigarette smoking, and lipid abnormalities to the devel- 
opment of CHD. With respect to lipoprotein parameters, elevated total and low-density 
lipoprotein cholesterol (LDL-C) and low levels of high-density lipoprotein cholesterol (HDL- 
C) have been strongly associated with CHD risk. Emerging evidence suggests that other 
lipoprotein abnormalities also are associated with prematura CHD, including elevated levels 
oflipoprotein(a), triglyceride-rich lipoproteins such as small very-low-density lipoproteins 
and intermediate-density lipoproteins, small and dense LDL particles, and the magnitude of 
postprandial lipemia. Extensive primary and secondary clinical trial evidence has estab- 
lished that favorably altering dyslipidemias through diet and a variety ofphaj'macologic 
agents produces clear improvements in CHD end points. The extent of this benefit depends 
on the presence or absence of clinical atherosclerotic disease, as well as other CHD risk 
factors, and the severity of one or more lipoprotein abnormalities. CHD patients and indi- 
viduals with multiple risk factors, but free of clinical CHD, derive the greatest absolute 
benefit from lipid treatment directed at reducing LDL-C. The dyslipidemias that impart 
high risk are severely elevated LDL-C (> 200 mg/dL), combined high LDL-C and low HDL- 
C (< 35 mg/dL), and combined hyperlipidemias (non~HDL-C > 200 mg/dL with low HDL). 
The purpose of this review is to aid the primary care physician in identifying these important 
dyslipidemias and to critically analyze the relative importance of various lipoproteins on 
atherosclerotic risk. 



CLINICAL ASSESSMENT OF 
DYSLIPIDEMIAS IN ADULTS 

Complete clinical guidelines for the detection, eval- 
uation, and treatment of dyslipidemias m adults 
have been published by the National Cholesterol 
Education Program (NCEP) Adult Treatment Panel 
(ATP) II. These guidelines algorithmicaJIy stratify 
coronary heart disease (CHD) risk assessment and 



treatment by whether or not CHD or other athero- 
sclerotic vascular disease is clinically present 
(primary versus secondary prevention). Patients 
considered at highest risk for future cardiovascu- 
lar events are those with known CHD or other 
vascular disease. The focus of the ATP II guide- 
lines is on the control of low-density lipoprotein 
cholesterol (LDL-C), although high-density 
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lipoprotein cholesterol (HDL-C) and triglycerides 
also impact risk-management decisions. 

CLINICAL EVALUATION IN 
PRIMARY PREVENTION 

For patients without known clinical cardiovascular 
disease, the initial clinical assessment includes a 
complete history, a physical examination, and basic 

laboratory testing to determine the baseline lipo- 
protein profile. Al! adults older than age 20 should 
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have total cholesterol and HDL-C measured at least 
every 5 years. Both of these measurements can be 
made on a nonfasting sample. Finger-stick blood 
techniques can be used for this lipid screening; 
however, sampling of venous blood in a fasting 
state is required for decision-making concerning 
intervention. The history should include efforts to 
detect symptoms that may be suggestive of undiag- 
nosed vascular disease, such as chest pain and clau- 
dication. Detailed questioning about lifestyle is 
mandatory and should include assessment of di- 
etary habits, weight gain, exercise patterns, alcohol 



consumption, and cigarette snaoking. Family 
history data should address whether parents and/or 
their first-degree relatives as well as siblings have 
known vascular disease, lipid abnormalities, or 
such other CHD risk factors as hypertension, 
diabetes, or obesity. The physical examination 
should include blood pressure, height and weight 
(including calculated body mass index), and in- 
spection for manifestations of dyslipidemia (xan- 
thelasma, tendinous or tuberous xanthomas, arcus 
coniealis) and vascular disease (bruits and periph- 
eral pulses). If the lipid profile is abnormal, addi- 
tional laboratory testing should include fasting 
glucose, thyroid and liver function tests, and a 
urinalysis to detect possible secondary causes of 
dyslipidemias. A resting electrocardiogram may 
be warranted in men older than age 45 and post- 
menopausal women. 

CHD risk a.ssessment in primary prevention 
should include classification based on tc«al cholesterol 
(Ibble I) and determination of risk factors, as defined 
bytheNGEPAITIICIkbkll). For patients with 
desirable total cholesterol and HDL-C levels and 
fewer tlan two risk factors, reevaluation of lipid levels 
is recommended in 5 years, though patients should be 
counseled on the healOi beiKfits of !ow-fat di&s, exer- 
cise, maintaining a reasonable body weight, and 
avoiding tobacco use. Patients with a borderiine-high 
total cholesterol, HDL-C > 35 mg/dL, and fewer than 
two risk factors should have their lipid values repeated 
in 1 to 2 years, as well as receive counseling on 
achieving and maintaining a healtliy lifestyle, pietary 
advice for these patients should be to tesliict total calo- 
ries and total saturated fat, which is the basis of the 
Step I diet (Tkble ffl). 



TABLE I. NCEP CLASSIFICATION OF CHD RISK BASED ON TOTAL 

CHOLESTEROL 



Classification Total Cholesterol (mg/dL) 

Desirable " < 200 

Borderline-high 200-239 
High > 240 



NCEP = National Cholesterol Education Program; CHD = coronary heart disease, Data from the National Cholesterol 
Education Program (Adult Treatment Panel H). JAMA. 1 993 ;269:30 15-3023. 



16 



TABLE !l. 



CHD RISK FACTORS IN THE NCEPATP ii ALGORiTHH 



Factor 


Scenario 


Positive 




□ Age 


Male S 45 years 
Female & 55 years, or 

premature menopause 

witbout HRT 


□ Family history of premature CUD 


Definite Ml in first-degree relatives 
Male S 35 years or 
female < 65 years 


□ Current cigarette smokii^ 


□ Hypertension 


BPS 140/90 mm Hg or taking 
anUhypertensive medications 


OHDL-C 


< 35 mg/dL (on several 
determinations) 


□ Diabetes melUtus 



Negative 



□ HDL-C £ 60 rag/dL (for primary prevention, 

subtract one risk factor) 



CHD = coronary iieart disease; NCRP = National Ciiolesterol Education Program; f fRT = hormone roplacemenl therapy; 
MU = mvocardiai iiiftj-ttion; BP = hlood pressure; KDI.-C = hieh-densit}' Hpoprotcin chcitstcrol. Data frotn the Natior»al 
ChoiesfCTol nducaurjii Pmm&m (Adult ■[rcatnieiil Panel il), JAMA. 19y3:269:30O-302?l. 



1 TABLE III. STEP ! DIE 


TARY RECOMMENDATIONS 






Nutrient 


Recommended Intake 






Tola] fat (% of toKd calorics*) 


<30 







Saturated fat 8-10 



Polyunsaturated fat 


<10 


Monounsaturated fat 


^15 


Carbohydrates (% of total calories) 


£55 


Protein (% of total calories) 


15-20 


Cholesterol (mg/d) 


<300 



*Total calories = calories sufEident to achieve a reasonable body weight. Data from the National Cholesterol Education 
Program (Adult Treatment Panel H). JAMA. 1993;269:3015-3023. 



All patients with a high total cholesterol, low 
HDL~C, or borderline -high total cholesterol with 
two or more risk factors should undergo a complete 
fasting lipoprotein profile. Because the determina' 
tion of LDL-C requires measurement of triglyc- 
eride, the venous blood sample should be obtained 
while fasting, usually after 12 hours. The LDL-C 



is not measured directly but is estimated using the 
Friedewald formula; 

LDL-C (mg/dL) = Total cholesterol - HDL - 
(triglyceride X 0.2). 

This calculation is not valid if the fasting 
triglyceride level is > 400 mg/dL and/or the patient 
has type III hyperlipidemia (elevated intermediate- 
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density lipoproteins [EDL]). In these circuiiKtances, 
the LDL-C can be determined by ultracentrifuga- 
tion in a specialized laboratory. 

Diagnostic lipid determinations should be 
deferred for at least 2 weeks following any minor 
illness and for at least 8 weeks following any major 
illness or surgery because total cbolesterol, LDL-C, 
and HDL-C can decline by as much as 30% under 
these conditions. In pregnant women, total choles- 
terol and LDL-C can be physiologically increased; 
therefore, it is advisable to avoid lipid testing until 
6 months after delivery. Before any clinical deci- 
sions are made regarding risk or treatment, at least 
two fasting lipid profiles should be obtained 2 to 4 
weeks apart. 

LDL-C is considered desirable at < 130 
mg/dL, borderline high at 130 to 159 mg/dL, and 
high risk at > 160 mg/dL. Elevated risk status in 
primary prevention, according to the NCEP ATP H, 
includes: (1) LDL-C 190 to 219 mg/dL in young 
men (< 35 years of age) and premenopausal 
women; (2) LDL-C 160 to 189 mg/dL and fewer 
than two risk factors; and (3) LDL-C 130 to 159 
mg/dL with two or more risk factors. Recom- 
mendations for the Step 1 diet, exercise, and weight 
loss (if needed) are mandatory for these individ- 
uals, with appropriate follow-up lipid determina- 
tions over a period of 3 to 6 moaths. The goal of 
lifestyle intervention is a reduction of the LDL-C 
below 190, 160, and 130 mg/dL, respectively, for 
the above-mentioned risk categories. For elevated- 
risk patients, Che ultimate goal of this approach is 
to retard atherogenesis so as to prevent CHD 
events later in life. Pharmacologic intervention 
may be indicated for the highest risk primary 
prevention individuals, whose LDL-C remains 
above the following cut-points despite lifestyle 
changes: (1) LDL-C > 220 mg/dL in young men 
and premenopausal women; (2) LDL-C S ITO 
mg/dL and fewer than two risk factore; and (3) 
LDL-C > 1 60 mg/dL with two or more risk factors. 
Drug treatment to lower LDL-C is discussed in 
another article appearing in this publication. 

The focus on LDL-C in defining risk and 
targeting treatment efforts is supported by the 
results of primary prevention studies in men and 
women in whom LDL-C was significantly reduced. 



Although low levels of HDL-C strongly predict 
CHD risk, clinical trial evidence that incre^ing 
HDL impacts future CHD events is not as 
convincing as are the data for LDL, The ATP II clas- 
sifies low HDL-C as one risk factor that can increase 
the need to lower LDL-C with diet and drugs. 

Epidemiologic data, such as from the Fram- 
ingham Heart Study, have shown that the risk of 
CHD is substantially higher if the total cholesterol 
to HDL (TC/HDL) ratio is > 5 and the LDL to 
HDL (LDL/HDL) ratio is > 3. However, the ATP 
H did not focus on these ratios because they do not 
provide information as to which individual compo- 
nent — LDL-C or HDL-C — requires modifica- 
tion. Clearly, substantial reductions in LDL-C will 
reduce the TC/HDL and LDL/HDL ratios. 
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The ATP n also recognized that a high level 
of HDL-C (> 60 mg/dL) has been associated with 
lower risk of CHD in epidemiologic studies. These 
experts recommended that such a high HDL level 
could negate one positive risk factor, so that a clini- 
cally borderline risk-intervention situation (eg, 
primary prevention, two CHD risk factors, and 
LDL 160 to 189 mg/dL) may not require therapy 
beyond lifestyle change, Note that in the presence 
of three or more risk factors, a high HDL-C level is 
not considered sufficiently protective, and the case 
should be considered high risk. This situation illus- 
trates how a high HDL could result in a TC/HDL 
ratio < 5 and lead the physician to not consider 
the patient high risk. 

CUNtCAL EVALUATION iM 
SECONDARY PREVENTION 

All patients with known CHD (which includes 
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previous coronary artery bypass grafting, angio- 
plasty, or angiographic evidence of significant 
coronary atherosclerosis) or clinical atherosclerotic 
disease of the aorta, carotid arteries, or lower- 
extremity arteries are at high risk for acute coro- 
nary events in the near future. A full fasting lipo- 
protein profile is required for all these patients. 
Total cholesterol, LDL-C, and HDL-C concentra- 
tions are lower than usual during the recovery 
phase after a myocardial infarction, after an epi- 
sode of unstable angina, and following coronary 
artery bypass grafting. Therefore, lipoprotein 
measurements obtained more than 24 hours fol- 
lowing one of these events will result in levels that 
may not truly reflect the patient's background ex- 
posure to abnormal lipoprotein particles. A lipid 
profile obtained within the first 12 hours should be 
more representative and can be used for therapeutic 
decisions. If it is not done during that rtme period, 
it should be deferred for at least 6 weeks. 

The ATP II recommends that LDL-C levels 
> 130 mg/dL be treated with lifestyle intervention 
and, at the discretion of the physician, with medi- 
cation. The goal of treatment is an LDL < 100 
mg/dL. As several of the clinical CHD end-point 
trials have demonstrated clinical benefit within 6 
to 12 months of initiating drug therapy to lower 
LDL-C, the practitioner should not hesitate to 
move to drugs early for secondary prevention. 
The physician should always conduct a thorough 
history (focused on lifestyle habits, family history, 
and lipid profiles of family members), a physical 



examination (to detect xanthomas or the presence 
of otherwise unknown peripheral vascular disease), 
and pertinent laboratory tests to rule out other causes 
of dyslipidemias in aU secondary prevention patients. 

CLASSIFICATION OF 
DYSLIPIDEMIAS 

The Fredrickson and Lees phenotypic classification 
system (Table IV) is not an etiologic classification 
and does not differentiate between primary and 
secondary' dyslipidemias. However, it can be use- 
ful to characterize a patient's lipid disorder, In 
most instances, the standard lipoprotein profile will 
be sufficient to determine the phenotype. When 
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both total cholesterol and triglycerides are elevated 
(cholesterol > 240 to < 500 mg/dL and triglyceride 
> 200 to < 1000 mg/dL), the phenotypic assess- 
ment is more difficult. The patient could be type 
Il-b (LDL + very-low-density lipoprotein [VLDL]) 
or type III (IDL). Although the type Il-b pattern is 
clinically more common than type IH, die two 



TABLE IV. FREDRICKSON AND LEES CLASSIFICATION OF DYSLIPIDEMIAS 



Phenotype 


Lipoprotein Elevated 


Total Cholesterol 


Triglyceride 


CHD Risk 


I 


Chylomicron 


Nl-T 


TTTT 


Low 


n-a 


LDL 


T-TT 


Nl 


ffigh 


n-b 


LDL, VLDL 


t-TT 


T-TT 


High 


m 


IDL 


t-TT 


T^TT 


High 




VLDL 


Nl-T 


t-TTt 


Low 


V 


VLDL + Chylomicrons 


T-TT 


TTTT 


Low 



CHD = coronary heart disease; Nl = normal; LDL = low-density lipoprotein; VLDL = very-low-density lipoprotein; 
IDL = intermediate-density lipoprotein. 



19 



I CORKEJUSIONE • HTPERLfPIOEMiA ' Va\.i Net 



disorders can be distinguished by a lipoprotein 
electrophoresis, which is probably the only situa- 
tion in which an electrophoresis is clinically indi- 
cated. The electrophoresis produces two separate 
bands for LDL and VLDL and a single broad band 
for elevated EDL. 

As one can see by the classification system, 
only types Il-a and Il-b have elevated levels of 
LDL-C; types I, III, IV, and V are the result of 
triglyceride-rich lipoprotein elevations. In most of 
these latter situations, HDL-C is very low and is 
usually inversely related to triglyceride levels. 
Most laboratories will not attempt to measure 
HDL-C if triglycerides are > 500 mg/dL because 
the method used to isolate HDL from serum (by 
precipitation of other lipoproteins) is not reliable. 
If a laboratory does report an HDL under this 
circumstance, it will most likely be higher than 
the "true" HDL-C concentration. When one sees 
marked hypertriglyceridemia in association with an 
elevated total cholesterol (in an approximately 10:1 
triglyceride-to-cholesterol ratio), the phenotype is 
most likely type V, due to elevated VLDL and 
chylomicrons, The elevated chylomicrons can be 
easily detected by storing serum in the refrigerator 
overnight and observing a floating milky white 
layer (chylomicrons) over a cloudy supernatant 
(VLDL), 

Another rather simple classification mclhod 
for dyslipidemias is to organize them into three 
categories: (1) hypercholesterolemia, due primarily 
to elevated LDL-C; (2) combined or mixed hyper- 



lipidemia, due mostly to increased LDL~C and 
VLDL, with or without low HDL-C (in rare in- 
stances this can be due to increased IDL [dysbeta- 
lipoproteinemia]); and (3) hypertriglyceridemia, 
due to elevated VLDL and/or chylomicrons, as well 
as their remnants. This classification is most useful 
for discerning the principal lipoprotein abnormality 
so as to direct pharmacologic therapy, and it is 
easier to remember than the phenotypic system. 
Of course, these classifications can be combined 
(Table V). 

PRIMARY AND SECONDARY 
CAUSES OF DYSLiPIDEMIA 

Most cases of dyslipidemia are multifactorial in 
origin. Various genetic (primary) disorders impart 
a predisposition to dyslipidemias; the chief exam- 




ples are listed in l^ble VI. The conditions most 
likely to be encountered in a primary care practice 
are primary moderate hypercholesterolemia (prcva- 



INTEGRATED CLASSIFICATION SYSTEM FOR DYSLIPIDEMIAS 



Classification 



Hypercholesterolemia 



Combined (mixed) 
hyperlipidemia 



Hypertriglyceridemia 



Lipoprotein Involved 



Phenotype 



Tldl 



T LDL, T VLDL, ± i HDL 
TiDL 



T VLDL 

T VLDL, T Chylomicrons 
T Chylomicrons 



LDL = low-density lipc^rotein; VLDL = very-low-density lipoprotein; HDL = high-density lipoprotein; IDL = intennediate- 
density lipoprotein. 
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SELECTED PRIMARY DYSUPIDEMIAS 



Classification 


Phenotype 


Lipoprotein Involved 


Genetic Transmission 


Hypercholesterolemia 
Heterozygous familial 


n-a 


TT LDL 


Autosomal dominant; LDL 
receptor deficiency 


HomoEygous FH 


n-a 


TTT LDL 


Autosomal dominant; total LDL 
receptor deficiency 


Primary raoderate 


n-a 


t-tt LDL 


Unknown; has dominant 
features 


Familial defective 
Apo B 


U-a 


t-tt LDL 


Autosomal dominatit; apo B 
mutation 


Combined hyperlipidemia 
Familial combined 


Il-a, n-b, IV 


T-TT LDL, T-TT VLDL 


Probably dominant; defect not 
known but may involve apo B 
overproduction 


Dysb^alipoproteinemia 
(E-IIAE-II) 


m 


Tedl 


Unknown but involves apo 
E-linked metabolic defect 


Hypertriglyceridemia 
Farailiat 


IV 

V 


TVLDL 
T VLDL and 
T Chylomicrons 


Autosomal dominant; 
Autosomal dominant; metabolic 
defect not known 


Familial chyiomicrodemia 


r 


T Chylomicrons 


Autosomal recessive; apo C-H 
deficiency or LPL deficiency 


Isolated low HDL 


NA 


4 HDL 


Unknown but may be dominant; 
metabolic defect not known 



LDL = low-density lipoprotein; FH = familial hypercholesterolemia; VLDL = very-low-density lipoprotein; IDL = interme- 
diate-density lipoprotein; LPL = lipoprotein lipase; NA = not available; HDL = high-density lipoprotein. 



lence 1/30), familial combined hyperlipidemia 
(prevalence ~ 1/100), familial hypertriglyceridemia 
(prevalence ~ 1/200 to 300), and heterozygous 
familial hypercholesterolemia (FH) (prevalence 
1/500). Depending on the lipoprotein defect, phys- 
ical manifestations include xanthelasmas, prema- 
ture arcus comealis, and tendinous xanthomas 
(marked LDL elevations as in heterozygous FH); 
eruptive xanthomas and lipemia retinalis (marked 
triglyceride elevations); and tuberous and palmar 
xanthomas (IDL elevations). If a primary dyslipi- 
demia is suspected, it is imperative to determine 
the lipid levels of all first-degree relatives and chil- 
dren. Most of the primary dyslipidemias can be 
detected before age 20. The treatment of most of 
these primary lipid disorders will frequently require 
consultation with a lipid specialist. 

The most common secondary cause of dys- 
lipidenMa is related to lifestyle: excessive total and 



saturated fat intake, which is frequently associated 
with obesity. Other common secondary causes are 
diabetes mellitus, nephrotic syndrome, hypothy- 
roidism, chronic renal failure, and several drugs 
(Table VII). Low HDL-C will be seen with disor- 
ders that result in hypertriglyceridemia (particularly 
diabetes, nephrotic syndrome, and chronic renal 
failure). In addition, androgens, androgenic pro- 
gestins (such as norelhindrone), and nonselective 
P-blockers can lower HDL-C levels. 

Since atherosclerotic disease occurs more 
often and at an earlier age in diabetics than in non- 
diabetics, it is important to recognize the signifi- 
cance of dyslipidemias in diabetes and the need to 
treat them accordingly. The most common lipid 
abnormalities are increased serum triglyceride and 
decreased HDL-C levels. LDL-C may not be 
elevated, but there is a greater tendency for LDL 
compositional changes resulting in small, dense 
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TABLE Vii. SECONDARY CAUSES OF DYSLIPiDEMIA 



Hypercholesterolemia 

Nephrotic syndrome 
Hypothyroidism 

Obstructive liver disease (primary biliary cirrhosis) 

Pregnancy 

Dysglobulinemias 

Anorexia 

Pbaimacologic agents (oral contraceptives, cyclosporin A, isotretinoin) 



Hypertriglyceridemia 

Diabetes meiljtus 
Nephrotic syndrome 
Chronic renal failure 
Hypothyroidism 
Pregnancy 
Dysglobulinemias 

Pharmacologic agents (alcohol, corticosteroids, estrogen, G-blockers, isotretinoin) 



particles. These smaller, denser LDL particles are 
more susceptible to oxidation and have greater 
atherogenic potential. The cause of hypertriglyc- 
eridemia in type 2 diabetics is most likely related 
to a combination of hepatic overproduction and 
reduced catabolism by lipoprotein lipase. It has 
been suggested thai insulin resistance enhances 
these defects, and the so-called insulin resistance 
syndrome (syndrome X) consists of elevated 
triglycerides, low HDL-C, hyperinsulinemia, 
hyperglycemia, and hypertension. Improving 
insulin resistance will result in an improvement in 
triglyceride levels and a return of LDL composition 
to a larger, more buoyant particle. Nephrotic 
syndrome can be associated with severe elevations 
in LDL-C, which are roughly correlated with the 
severity of proteinuria. Many diabetic patients 
have a combined dyslipidemia resulting from an 
associated nephrotic state due to nephropathy. 

Individuals widt hypothyroidism will have 
elevations in total cholesterol and LDL-C, which 
can be lowered significantly by supplemental 
thyroid replacement. A thyroid-stimulating 
hormone level should be obtained on all patients 
with significantly increased LDL-C before consid- 
ering pharmacologic therapy. The possibility that 
drugs may cause a dyslipidemia should always be 
considered; when feasible, the physician should 
consider discontinuing the suspected medication to 
assess the response. Oral estrogen, in particular. 



can significantly increase triglyceride levels in 
women with baseline hypertriglyceridemia; cuta- 
neous estrogen administration does not, and it is 
Uierefore the preferred treatment option for hor- 
mone replacement therapy in this situation. 

HYPERTRIGLYCERIDEMIA AND 
CHD RISK 

Serum triglyceride levels have been positively 
associated with CHD risk in univariate analyses of 

prospective epidemiologic data; however, this asso- 
ciation weakens substantially when multivariate 

analysis is used. In particular, I-IDL~C, total 
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cholesterol, and obesity are some of the analytes 
diat weaken the relationship. The difficulty in 
establishing a definitive relationship between 
serum triglyceride levels and CHD risk involves 
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several factors. First, triglyceride levels are quite 
variable from day to day, with fluctuations as great 
as 50% of the baseline. In comparison, total 

cholesterol and HDL-C levels vsry less than 5% 
from day to day. This variability makes it diffi- 
cult to establish a reliable long-term association 
between baseline and follow-up values and sub- 
sequent CHD events. Second, trigiyceride-rich 
lipoprotein (TGRL) particles are heterogeneous. 
Large, cholesterol-poor VLDL particles appear to 
be less atherogenic than smaller, cholesterol -rich 
VLDL and IDL particles. Chylomicrons are prob- 
ably not atherogenic although their remnants may 
be. A single triglyceride level is not specific 
enough to tell the physician whether or not athero- 
genic TGRL particles are present. Third, altered 
triglyceride metabolism, which results in fasting 
hypertriglyceridemia, can also produce significant 
increases in postprandial lipemia. The degree of 
postprandial lipemia may be a better discriminator 
of CHD risk than the fasting triglyceride level. 
Fourth, impaired triglyceride metabolism can 
produce small, dense LDL particles. It is the tola) 
amount of such LDL particles produced m ;iny 
hypertrigiyceridemic patient rather than the magni- 
tude of his or her triglyceride level that probably 
dictates future CHD risk. Other fwtentially athero- 
genic conditions are frequently associated with 
hypertriglyceridemia, including low HDL-C, the 
insulin resistance syndrome, and coagulation 
disorders (eg, increased plasminogen activator 
inhibitor- 1, which inhibits fibrinolysis). 

The ATP 11 defines four categories of fasting 
triglyceride levels: normal, < 200 mg/dL; border- 
line, 200 to 400 mg/dL; high, 400 to 1000 mg/dL; 
and very high, > 1000 mg/dL. A 12- hour fast is 
necessary to adequately assess triglyceride, and 
because of variability, at least two to three determi- 
nations should be obtained to assess the average 
baseline. The physician should always consider 
secondary causes such as diet, obesity, excessive 
alcohol, oral estrogens in women, and poorly 
controlled type 2 diabetes. Elimination or control 
of these causes can reduce triglyceride levels. In 
the absence of such secondary factors, most high to 
very high triglyceride levels are primary in nature 
(types rv and V). For patients with pereistent very 



high triglycerides, pharmacologic treatment is 
imperative to reduce the risk for acute pancreatitis. 
Borderline-to-high triglyceride levels may be asso- 
ciated with an increased risk for CHD if several 
factors are present: associated total cholesterol 
elevation (non-HDL-C > 200 mg/dL), low HDL-C, 
and/or diabetes mellitus. Thus far, no clinical trials 
have been designed to specifically reduce CHD 
risk by lowering serum triglycerides. 

OTHER LIPID RISK FACTORS 
A number of clinical studies have focused on the 
strong correlation between certain apolipoprotein 
concentrations and the incidence and severity of 
CHD. Apoprotein B (apo B), the only protein 
component of the LDL particle, is the apoprotein 
with the strongest positive correlation with the inci- 
dence and severity of coronary atherosclerosis. It 
can be elevated even when LDL-C values are 
"normal," indicating an increased number of small 
and dense LDL particles. This can be seen in the 
primary disorder termed hyperbetalipoproteinemia, 
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which is probably one of the manifestations of 
familial combined hyperlipidemia. Measurement 
of apo B may be useful for risk assessment and 
may assist in the decision of whether to use drug 
treatment to further lower LDL-C (and apo B) in 
certain high-risk primary prevention patients with 
LDL-C < 160 mg/dL and in CHD patients witii 
LDL-C < 130 mg/dL. Apoprotein A-I (apo A-I), 
the major protein in HDL particles, has just as 
strong a negative association with CHD incidence 
and severity. However, most observational epide- 



23 



cftuW CORNERSTONE ' MYPERUPfDEMSA • Vol.! Na 1 



miologic studies do not suggest that apo A-l 
concentration is superior to HDL-C concentration 
in predicting CHD risk. Therefore, it is not recom- 
mended th^ apo A-I be measured for the purpose 
of defining risk or as an indication of treatment 
benefit. Although these apolipoproteins can be 
commercially analyzed, there is no standardization 
of normal ranges and no conajnsus on predictive or 
treatment value. Further study is needed to deter- 
mine the usefulness of apoprotein measurements as 
an adjunct to risk evaluation by the routine lipopro- 
tein profile. 

Lipoprotein(a) (Lp[a]) is a genetically deter- 
mined lipoprotein that structurally appears to be an 
LDL particle with a large glycoprotein (apo A) 
attached through a disulfide link to apo B. Epi- 
demiologic evidence has generally suggested that 
Lp(a) concentrations > 25 mg/dL are associated 
with increased CHD and cerebrovascular disease 
risk. Also, there is evidence that the apo A glyco- 
protein has stnictural honrsology to plasminogen 
and, as a result, may interfere with fibrinolysis. 
This property contributes to a postulated dual ftmc- 
tional role of Lp(a), participating in atherogenesis 
as an LDL-like particle and participating in acute 
thrombosis formation, which usually occurs on 
disrupted atherosclerotic plaques. The risk for 
CHD with increased Lp(a) is enhanced by elevated 
LDL-C, and some clinical evidence suggest that 
Lp(a) may cease to be a risk factor when LDL-C 
levels are sufficiently lowered. Treatment to lower 
Lp(a) is limited to high-dose niacin (3 to 4 g/d), 
oral estrogen, and LDL apheresis. 

There is no consensus for the clinical sce- 
narios in which measurement of Lp{a) would be 
helpful for risk discrimination. It may be clinically 
useful to screen for Lp(a) in primary prevention 
patients with very strong family histories of prema- 
ture CHD to document possible genetic determi- 
nants of CHD risk. Because some studies have 
suggested that aggressive LDL~C reduction amelio- 
rates the risk from a high Lp(a), there is no need to 
measure Lp(a) in CHD patients, who will already 
be candidates for such LDL-lowering drug treat- 
ment. Note that Lp(a) measurements currently are 
not standardized and are considered a research tool. 
Further studies on Lp(a)'s origin, metabolism. 



physiologic functions, and modulation of its serum 
concentration are needed before routine use of this 
risk factor can be recommended. 

NONLIPID RISK -^^ACTORS 
There is considerable interest among clinicians 
about the role of such nonlipid risk factors for 
CHD as homocysteine and fibrinogen. Several 
epidemiologic studies have demonstrated a strong, 
po>iii\e-v;raded relationship betv/een total plasma 
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homocysteine and vascular disease. One prospec- 
tive study of CHD patients observed for 4.6 years 
showed a graded relationship between the plasma 
homocysteine level and all-cause mortality. The 
US Physicians Health Study found that elevated 
total homocysteine levels in men afforded a 3.4- 
fold greater incidence of myocardial infarction than 
normal levels. Although there is no consensus, 
homocysteine levels > 10 jj-moI/L are considered 
elevated. The mechanism(s) that are responsible 
for this association between homocysteine and 
atherosclerosis are not completely understood; 
however, several candidate effects have been 
proposed. Homocysteine impairs endothelial func- 
tion and reduces nitric oxide formation, most likely 
by facilitating the formation of reactive oxygen- 
derived substances. These reactive substances in- 
crease oxidative stress and may enhance the oxida- 
tion of lipoproteins, particularly LDL, Homocysteine 
enhances platelet aggregabiUty and has been shown 
to stimulate smooth muscle cell proliferation. 

In order to understand the causes of elevated 
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plasma homocysteine, one needs to examiBe its 
formation and metabolism. Homocysteine is an 
intermediate product generated by demethylation 
during the metabolism of the essential amino acid 
methionine. It has two metabolic fates: One is 
remethylatioD back to methionine, which requires 
methylenetetrahydrofolate reductase, a folate- and 
pyridojcine (vitamin Bg)-dependent enzyme; the 
other is transsulfuration to cysteine through the 
enzyme cystathionine p-synthase, which is pyri- 
doxine dependent. Both pyridoxine and folate are 
important nutritional cofactors in homocysteine 
metabolism. Deficiencies of these vitamins can 
increase homocysteine levels, and supplementation 
with high doses can lower elevated homocysteine 
values. Because these vitamins are safe and inex- 
pensive, it has been suggested that supplementation 
with 1 to 2 mg/d of folate and/or 50 to 100 mg/d of 
pyridoxine might be used empirically in all high- 
risk primary and secondary prevention patients 
without measuring baseline homocysteine. There 
are no standards for homocysteine measurement 
and, as yet, no clinical trial data to support treat- 
ment efforts. 

Fibrinogen is a strong predictor for cardio- 
vascular disease and total mortality in healthy and 
CHD patients. Most epidemiologic studies dem- 
onstrate that patients in the highest tertile of 
fibrinogen levels compared with the lowest had 
a two to three times greater incidence of major 
cardiovascular events. Fibrinogen is obviously 
important in the thrombotic cascade that occludes 
arteries when atherosclerotic plaques rupture. 
Unfortunately, there are few reliable treatments that 
substantially reduce fibrinogen, and measurements 



are not standardized. At the present time, measure- 
ment of fibrinogen as a risk discriminator cannot be 
recommended in primary or secondary prevention. 

CLINICAL MANAGEMENT Of= 
DYSLIPIDEMIA !N CHILDREN 
AND ADOLESCENTS 

The NCEP Expert Panel on Blood Cholesterol 
Levels in Children and Adolescents has published 
guidelines for the management of dyslipidemias in 
young people (aged 2 to 19 years) (Table VIII). 
The panel's screening recommendations are selec- 
tive rather than universal. If a parent has a total 
cholesterol S: 240 mg/dL, then the child, adoles- 
cent, or young adult should have a screening total 
cholesterol level. A full fasting lipoprotein profile 
IS performc<l tf the pediatric patient has a total 




cholesterol > 200 mg/dL or has a family history 
of premature CHD (especially in a parent) or a 
fatniliai dyslipidemia. The total cholesterol and 
LDL-C cut-points are lower for pediatric patients 
than for adults. Acceptable, borderline-high, and 



TABLE VliL 


NCEP RECOMMENDED TOTAL CHOLESTEROL AND LDL 
CHOLESTEROL CUT-POINTS FOR CHILDREN AND ADOLESCENTS 


Risk 


Total Cholesterol (mg/dL) 


U)L Cholesterol (mg/dL) 


Acceptable 


<m 


< 110 


Borderline-high 


170-199 


110-129 


High 


>200 


>130 



NCEP = National Cholesterol Education Program. Data from the National Cholesterol Education Program (Adult Treatment 
Panel H). J/iMA. 1993;269:3015-3023. 
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high values are < 170, 170 to 199, and > 200 mg/dL 
for total cholesterol, and < 110, 1 10 to 129, and 
> 130 mg/dL for LDL-C. As in adults, HDL-C is 
considered significandy low if it is < 35 rag/dL. 
Any intervention based on these cut-points applies 
only to young people from famihes with premature 
CHD or genetic dyslipidemias. As for adults, sec- 
ondary causes should be considered, with the most 
common being high-fat diet, obesity, oral con- 
traceptives, isotretinoin, and anabolic steroids. 
The most common genetic causes of elevated 
LDL-C are heterozygous FH and familial com- 
bined hyperlipidemia. Clinical findings such as 
vascular bruits, xanthelasma, arcus comealis, and 
tendinous xanthomas are much less prevalent in 
young people than in adults with these genetic 
hypercholesterolemias. Treatment should always 
focus on a healthy lifestyle, including a low-fat 
diet, weight control, regular exercise, and avoid- 
ance of tobacco. Pharmacologic intervention may 
be used after puberty in unusual cases, such as 
severe LDL-C or triglyceride elevations, 

LIPID SCREENING IN SPECIAL 

POPULATIONS 

As has been previously discussed, the NCEP ATP 
n recommends that all adults over age 20 obtain a 
screening total cholesterol and HDL-C. The panel's 
recommendations for intensive lifestyle and 
possibly drug intervention to reduce CHD risk 
depend on whether a patient has either several risk 
factors (including age) for primary prevention or 
documented CHD for secondary prevention. These 
two recommendations seem to be contradictory 
because it would appear that screening for choles- 
terol should not be done in everyone over age 20, 



only in those for whom treatment has been docu- 
mented to reduce CHD events. Young adults, such 
as men under 40 years of age and premenopausal 
women, are usually at low risk for near-term CHD 
events, firequenfly do not have multiple CHD risk 
factois, and have never been studied in CHD 
prevention trials. The American College of 
Physicians has used this logic to recommend that 
routine cholesterol screening not be performed in 
young men and women, with the exception of those 
with multiple risk factors (including a strong 
family history of CHD and/or dyslipidemia). While 
this approach may have some merit, it eliminates 
the opportunity to use cholesterol screening as a 
springboard for discussing the health benefits of 
low-fat diets, exercise, and weight control with 
young adults. 

At the other end of the age spectrum are 
older men and women (over 70 years of age) 
without known CHD or vascular disease. There 
is some controversy as to whether these patients 
should be screened. Because there are no con- 
vincing treatment trials demonstrating a primary 
prevention benefit of cholesterol lowering in 
people 75 years and older, the NCEP ATP II has 
left screening decisions to the practitioner, based 
on the patient's general health and presence of 
comorbid illnesses. Clearly, the presence of other 
significant noncardiovascular diseases may play a 
greater role in determining near-term morbidity 
and mortality, and cholesterol screening would 
not greatly affect overall outcome. In otherwise 
healthy, older individuals, cholesterol screening can 
be used as an opportune time to make and reinforce 
healthy lifestyle recommendations. 

CONCLUSION 

The wealth of clinical trial evidence that has estab- 
lished the morbidity and mortality benefits of 
lowering total cholesterol and LDL-C in high-risk 
individuals makes it imperative for primary care 
physicians to become familiar with the clinical 
diagnosis of dyslipidemias. The NCEP ATP II 
guidelines for screening adults in primary preven- 
tion and for treatment goals in secondary preven- 
tion are critical to the appropriate management of 
CHD risk. The cost-effectiveness of preventing 
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subsequent acute CHD events in secondary preven- 
tion is unquestionable. On the other hand, the 
cost-effectiveness of primary prevention depends 
on the physician's ability to identify the patient 
who not only has a significant dyslipidemia, but 
has other established risk factors as well. If we are 
ever going to significantly reduce the prevalence of 
CHD in the United States, it will be through well- 
devised primary prevention strategies. 
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ADVISORY BOARD 

When the primary care physician determines 
the cardiovascular lipid profde of a patient, 
are there any speda! fa^trudtions regarding 
medications or diet that siiould be given the 
patient other than the requirement for a 12- to 
16-hour fast? 

JONES 

From the patient's standpoint, dietary indiscretion 
plays a small, short-term role in LDL levels. 
Depending on their propensit>' for having triglyc- 
eride abnormalities, a patient's change in diet for 
3 or 4 days could influence the triglyceride level 



in the short run. Vitamin intake does not really 
matter and any other medication that the patient is 
taking will not influence the fasting lipid values. 
Basically, we tell patients not to come to the lab 
after having an extravagant dietary weekend, drink- 
ing a lot of alcohol, or after a sudden alteration in 
diet. Just eat like you do normally, don't do any- 
thing different, and that should result in a pretty 
accurate cholesterol test. 

ADVISORY BOARD 

Why did yon choose to include the Fredriclison 
and Lees classification system and what clinical 
fanplications does it hold? 
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I JONES 

I For all intents and purposes, the Fredrickson and 
I Lees classification has no real clinical value in 
I the patient with elevated serum cholesterol and a 
I serum triglyceride level below 400; management 
I of such a patient is based primarily on the LDL- 
I cholesterol as stipulated in the NCEP guidelines. 
I However, for the subset of patients with ele- 
I vated cholesterol and serum triglycerides above 
i 400, and in whom LDL-choiesteroI cannot be 
calculated, an understanding of the Fredrickson 
and Lees classification is important since, as 
demonstrated in Table IV, the risk of coronary 
I artery disease varies depending on the lipoprotein 
] type. For example, hyperchoiesterolemic patients 
with an elevated serum triglyceride level £*ove 
400 could fall into type Il-b or HI, be at increased 
risk for coronary artery disease, and warrant 
aggressive management of their hypercholes- 
terolemia and other atherosclerotic risk factors. 
On the other hand, such a patient might also be 
classified as type IV, be at no increased risk for 
coronary disease, and warrant treatment of the 
hyperlipidemia based solely on the level of 
t hypertriglyceridemia and the risk of associated 
complications such as pancreatitis. 

Classification of many of these hyperchoies- 
terolemic patients (with high serum triglycerides 
and incalculable LDL-cholesterol) into their 
Fredrickson and Lees lipoprotein types can be 
accomplished by scoring the severity of their 
lipid abnormalities and seeing in which group in 
Table IV they are the closest match for. It should 
be noted, however, that the overlap of triglyceride 
and cholesterol values can, in some patients, ob- 
scure the important distinction between type III 
(increased risk for coronary artery disease) and 
type IV (no increased risk for coronary artery 
disease). In such patients, lipoprotein electro- 
phoresis should be obtained to make this impor- 
tant clinical distinction. 



ADVISORY BOARD 

What is the association between elevated ^ 
triglycerides and small, dense LDL? | 

JONES I 

The triglyceride level alone does not tell you I 
what is going on with HDL or LDL particle size 

or composition. All you can say is that as the f 

total cholesterol begins to rise along with any 1 

given triglyceride level, the risk of having small, | 

dense LDL increases. That is what we call | 

combined hyperlipidemia, a situation in which | 

triglyceride levels are > 200 but < 1000 m.g/dL, i 
and the cholesterol is above 200 mg/dL. We 

don't know what part of that > 200 is LDL 1 
cholesterol. 

ADVISORY BOARD [ 

Is there a way to determine the particle size of 
LDL in patients with hypertriglyceridemia? 

JONES 

Without the ability to do a fairly sophisticated ' 
PAGE (polyacrylamide gel electrophoresis), > 
there is no easy clinical way to separate small, r 
dense LDL from "normar'-sized LDL- However, |i 
using apoprotein B can be helpful. If two pa- 
tients have exactly the same cholesterol and | 
triglyceride levels, but one has a "normal" apo B | 
and the other a high apo B measurement, the 1 
high apo B person is probably the one with the 
small, dense LDL. Apo B is easier to measure 
and more available to most practitioners than 
PAGE. ^ 
f 

ADVISORY BOARD 

Consider a case in wliich the patient's LDL is 
below the NCEP threshold for drug therapy, 
but the triglyceride remains above 200 mg/dL i 
despite lifestyle intervention. Would yoa treat % 
with dnigs? 
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JONES 

If the patient's triglycerides are > 1000 mg/dL, 1 
would treat because of the risk for pancreatitis. If 
they are below that level but above 200 mg/dL, 
the decision to use drug therapy would depend on 
the status of the other risk factors. Let's say a 40- 
year-old male patient presents in clinic with a 
cholesterol level of 200, triglycerides of 400, and 
an HDL of 35 mg/dL. Furthermore, he says that 
every man in his family dies of a massive myocar- 
dial infarction by age 50. That is a terrible family 
history and this patient does not have a normal 
lipid profile. His LDL is not elevated, but at his 
age, and with his family history, it is hard to 
ignore his lipid abnormality, Because the rest of 
the family are deceased, we can't detcnnioe wheth- 
er there is a genetic link. Under those circum- 
stances, I would seriously consider treating him, 
probably with a fibric-acid derivative or niacin. 
On the other hand, if a 40-year-old man with the 
same lipid profile exercises and has no other risk 
factors or family history, I would not consider him 
a candidate for lipid-lowering therapy. 

ADVISORY BOARD 

Let's say you have the same situation, but the 
patient's LDL is approaching the level where 
the NCEP guidelines recommend considering 
drug tberapj. Would you use the same treat- 
ment? Would there be any point in using 
combination therapy? 

JONES 

In such a case, I would probably focus Uie drug 
treatment choice on a statin.* Some clinical data 

suggest that in people who have high LDL in the 
treatable range, lowering the LDL still gives clin- 
ical benefit when there is a concomitant mild 
triglyceride elevation. 

Combination therapy is always a considera- 
tion, depending on the triglyceride levels. If the 



levels are in the higher hundreds, I would won-v 
about the triglyceride value even if the total 
cholesterol and LDL were appropriately treated. 
If a person has known coronary disease, any 
abnormality with HDL, LDL, or triglycerides 
needs to be treated. In this case, combination 
therapy would be a great idea. First, I would 
focus on lowering the LDL, but if I don't get the 
triglycerides down or the HDL up enough, I 
would probably move to an added drug. In the 
case of primary prevention, I might not be as 
aggressive with combination therapy. 

ADVISORY BOARD 

The ACP has come up with guidelines saying 
that screening is not mandated in men under 
35 and premenopausal women. What are your 
opinions on screening in young people? 

JONES 

I like the idea of doing a lipid screen. It is fairly 
inexpensive, and everybody should know their 
cholesterol and HDL levels at least once before 
they get to be a postmenopausal woman or a man 
40 years of age. Based on the results we obtam, 
we should follow the NCEP guidelines, The mam 
reason we screen is to use cholesterol as an incen- 
tive to get people to do what they are supposed 
to do with lifestyles. I can't tell you how many 
times patients respond to that. You say, "Lose 
weight, change your diet," and they brush it off: 
then you give them an abnormal cholesterol level 
and they say, "Maybe I do need to get serious, If 
a significant lipid abnormality is found, a clinician 
may be encouraged to prescribe drug therapy 
since that is the easiest thing to do. However, the 
NCEP would say, "Wait a minute, don't do that." 
We don't have the clinical data to say that using 
drugs to treat these people in the next 5 years is 
going to make a difference in their coronary event 
rates. The point should be that screening allows 



*HMG-CoA reductase inhibitors have not issn approved by the FD.A for trijatmeflt of hypertrigiyceridemia. 
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you to identify them, and you have made them 
aware of the situation. You know they are not 
going to get lost in the follow-up, and this lipid 
condition is not going to be ignored until they 
have their first MI. So I favor screening even in 
young people for the puipose of reinforcing 
lifestyle. At the same time, we must remember 
that drug treatment is not indicated in this popula- 
tion because of a lack of clinical trials. 

ADVISORY BOARD 

What are your thoughts about screening in the 
elderly population? 

JONES 

There are no data on primary prevention in pa- 
tients over age 75. In this population, patients 
often want to know what their cholesterol is, and 
it is easy to do. It is part of most profiles you 
get on patients, If a man or woman over age 75 
presents with a high cholesterol, say 265 mg/dL. 
but they don't have any vascular disease, chances 
axe that the patient has high HDL as part of their 
high cholesterol. That is probably why they made 
it this far in life without vascular disease. The 
high cholesterol could also be a marker of sub- 
clinical hypothyroidism. This should be treated 
instead of worrying about the cholesterol. Also, 
patients in this age-group tend to be more com- 
pliant with a physician's recommendations than, 
say, a 35-year-old. I reinforce the need to 



work with diet and exercise, but I rarely heat 
them with drugs, 

ADVISORY BOARD i 

Let's say a patient is newly diagnosed with dia- \ 
betes. Before you gain good metabolic control 
of the disease, you find that the patient's lipids 
are abnomitd. Would you su^^t optimizing 
diabetic control before launching into drug 
therapy for hyperlipidemia? Or would you 
do the two concurrently? 

I 

JONES ) 

I think it depends on where they start. For in- 
stance, if a diabetic patient presents with question- 
able glucose control but his or her triglycerides 
are very high — over ICKX) mg/dL — no matter how 
hard you try to control the diabetes, that patient's 
triglycerides are not going to normalize. Usually, 
patients with diabetes and very high triglycerides 
have both a genetic predisposition and poor glu- 
cose control. On the other hand, higlycerides of 
200 to 1000 mg/dL could be markedly improved 
and almost normalized by glucose control. If you 
see a high LDL despite dietary and other lifestyle 
changes, just improving the glucose level is not 1 
going to make much impact on the cholesterol. I | 
would probably initiate lipid-lowering treatment I 
pretty early based on the patient's LDL and other i 
risk factors. | 
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Prevalence of High Blood Cholesterol 
Among US Adults 

An Update Based on Guidelines From the Second Report of the 
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Objective, — ^To estimate the current levels and trends in the proportion of US 
adults with high blood cholesterol based on guidelines from the second report of the 
National Cholesterol Education Program (NCEP) Adult Treatment Panel (ATP II). 

Design.— Nationally repre^ntative cross-sectional surveys. 

Setting/Participants.— Data for 7775 participants 20 years of age and older from 
f^se 1 of the third National Health and Nutrition Examination Sun/ey (NHANES 111) 
(data collected from 1988 through 1991) and for 9797 participants 20 through 74 
years of age from NHANES 11 (data collected from 1 976 through 1980) were used. 

Results.— From the data collection period in NHANES II (1976 through 1 980) to 
the period in NHANES III (1988 through 1991), the proportion of adults with high 
biood cholesterol levels (>240 mg/dL [6.21 mmol/L)) fell from 26% to 20%, while the 
proportion with desirable levels (<200 mg/dL [5. 1 7 mmol/L]) rose from 44% to 49%. 
Currently, using the ATP II guidelines and NHANES III data, 40% of all adults 20 
years of a^ and older would require fasting lipoprotein analysis; and 29% of all 
adults would be candidates for dietary therapy (as compared with 38%, using 
NHANES II data). Based on 1 990 population data, it is estiniated that approximately 
52 miHion Americans 20 years of age and olde r would be candidates for dietary ttier- 
apy. Assuming thai detary intenwntion would reduce low-density l^rotein (LDL) 
cholesterol levels by 1 0%, ^ many as 7% of all a^juH Americans (approxinrtately 1 2.7 
million) might be candidal for chc^esteroWowering dru^. This estimate reflects 
approximately 4 million adults with established coronary heart di^ase, of whom half 
are aged 65 years and older, and up to 8 .7 million adults without established ccwonary 
heart disease, of whom up to 3.1 million are aged 65 years and older. 

Conclusions.— Substantial pH-o^ess has been made in reducing the prevalence 
of high Wood chdesterd; yet a large (woportion of all adults, approximately 29%, 
require dietary intervention for high bkwd chotesterol. 

iJAMA. 1993^69:3009-3014) 



THE NATIONAL Heart, Lung, and 
Biood Institute launched the National 

Cholesterol Education Program (NCEP) 
in 19S5.''^ The goal of the program is to 
reduce the prevalence of elevated blood 
cholesterol levels in the United States, 
thereby contributing to the reduction of 
coronary heart disease (CHD) morbid- 
ity and mortality. As part of its activi- 
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ties, the NCEP established the Expert 
Panel on Detection, Evaluation, and 
Treatment of High Blood Cholesterol in 
Adults (Adult Treatment Panel [ATP 
I]),^ which focuses on the application of 
the clinical, patient-based approach to 
the prevention of CHD. Since ATP I, 
scientific progress and 5 years of expe- 
rience with the guidelines prompts an 
updating. The second report of the Adult 
Treatment Panel (ATP II} is similar to 
ATP I in its outline and fiindamental 
approach to the treatment of high blood 
cholesterol." It continues to identic low- 
density lipoprotein (LDL) cholesterol as 
the primary target for cholesterol-low- 
ering therapy; dietary therapy remains 
the initial and principal mode of treat- 
ment; and drug therapy is reserved for 
patients at high risk of CHD. 



"niere are several new features in ATP 
II: lower LDL cholesterol goals and ini- 
tiation levels have been established for 
those with existing CHD; more atten- 
tion has been given to high-density lipo- 
protein (HDL) cholesterol as a CHD risk 
factor; high-risk postmenopausal women 
and high-risk elderly patients who are 



See also pp 3002 and 3015. 



otherwise healthy are recognized to be 
candidates for cholesterol-lowering ther- 
apy; and more explicit reservations have 
been expressed concerning the use of 
drug therapy in young adult men and 
premenopausal women with high LDL 
cholesterol who are otherwise at low 
short-term risk of CHD. 

The potential impact of the ATP I 
guidelines in US adults was previously 
evaluated using data collected from 1976 
through 1980 as part of the second Na- 
tional Health and Nutrition Examination 
Survey (NHANES II),'' It was then es- 
timated that 41% of US adults would re- 
quire Kpoprotein analysis and that 36% 
(approximately 60 million adults) would 
require dietary therapy. More recent na- 
tional data from NHANES III (data col- 
lected fipom 1988 through 1991) have doc- 
umented a continued decline in serum 
total cholesterol levels.* This article ap- 
plies the ATP 11 guidelines to the 
NHANES data to examine the current 
levels and trends in the percentage of US 
adults 20 years of E^e and older who would 
require fasting lipoprotein analysis, and 
the percentage and number of adults who 
wwld be candidates for medical advice 
and intervention, using dietary therapy 
with or without drug treatment. 

METHODS 
Data Sources 

The NHANES are designed to pro- 
duce nationally representative data re- 
garding the civilian, noninstitutionalized 
US population. They are conducted by 
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the National Center for Health Statis- 
tics, Centers for Disease Control and 
Prevention. Data from two NHANES 
are used in this report. Current esti- 
naates are based on the latest national 
data from NHANES III. ' Trends in the 
estimates are based on comparisons with 
NHANES 11." 

There aire some differences between 
the two surveys. There is no upper age 
bound for inclusion in NHANES III, 
while the upper age bound for NHANES 
11 wjm 74 years. Also, NHANES III 
was designed to produce national esti- 
mates for Mexican Americans in addi- 
tion to those for black and white 
Americans. Race was self-reported 
in NHANES III and observed in 
NHANES 11. In NHANES III, blood 
pressure was measured three times as 
part of the initial household interview 
and three more times during the sub- 
sequent medical examination. In 
NHANES II, it measured three 
times during the medical examination. 

Sample persons were asked about 
their history of heart attack, stroke, and 
diabetes.*-' Current use of cigarettes and 
of lipid- lowering and antihypertensive 
medications was also ascertained. The 
Rose Questionnaire for Angina Pecto- 
ris'*' was administered to all adults in 
NHANES HI and to those 25 years of 
age and older in NHANES 11. Blood 
pressure in both surveys was measured 
using procedures outlined by the Amer- 
ican Heart Aasociation,"-'* 

Uboretory N^wds 

The laboratory methods are described 
in detail by Johnson et al.^ Briefly, all 
lipid measurements were based on a sin- 
gle blood determination. Data for total 
and HDL cholesterol were available for 
7775 sample pereons in NHANES III 
(6727 aged 20 through 74 years) and for 
9797 in NHANES II. Fasting serum tri- 
glyceride levels (s: 9 hours) for a random 
sample of those examined were available 
from 3342 sample persons in NHANES 
in (2942, aged 20 through 74 years) and 
3593 in NHANES II. The LDL choles- 
terol level was calculated using the equa- 
tion developed by Friedevrald.'* 

Issues concerning the comparsdiility 
of the laboratory data collected in 
NHANES 11 and NHANES III were 
examined in detail by Johnson et al.* In 
summary, the data appear to be com- 
parable. 

The ATP II Guidelines 

The ATP 11 guidelines are described, 
in detail in this issue of The Journal.* 
In brief, the ATP II report initially clas- 
sifies adulte by the presence or absence 
of CHD. In patients without CHD, the 
guidelines recommend the measurement 



of nonfesting total and HDL cholesterol 
levels, which (with asssessment of a pa- 
tient's nonlipid risk factors) are used to 
identify those patients who require fast- 
ing lipoprotein analysis. Persons with no 
CHD who have any of the following re- 
quire fasting lipoprotein analysis: (1) to- 
tal cholesterol level of 240 mg/dL (6.21 
mmol/L) and highei^ (2) HDL cholester- 
ol level less than 35 mg/dL (0.91 mmol/ 
L); or (3) total cholesterol level between 
200 and 239 mg/dL (5,17 through 6.20 
mmol/L) and two or more CHD risk fac- 
tors. Those with existing CHD require 
fasting lipoprotein analysis regardless of 
their blood cholesterol level. 

The risk factors designated by the 
ATP II for consideration when inter- 
preting blood cholesterol levels comprise 
the following: (1) age; male 45 years and 
older, female 55 years and older or hav- 
ing premature menopause without es- 
trogen replacement therapy; (2) family 
history of premature CHD; (3) current 
cigarette smoking; (4) hypertension (ie, 
blood pressure of 140/90 mm Hg and 
higher) or use of antihypertensive med- 
ications; (5) HDL cholesterol level less 
than 35 mg/dL (0.91 mmol/L); and (6) 
diabetes mellitus. One risk factor is sub- 
tracted if HDL cholesterol levels are 60 
mg/dL (1.55 mmol/L) and higher. 

Individuals who require lipoprotein 
analysis are then classified on the basis 
of the pr^ence or absence of CHD, their 
LDL cholesterol levels, and their other 
CHD risk factors. In persons without 
evidence of CHD, those with LDL cho- 
lesterol levels of 160 mg/dL (4.14 mmol/ 
L) and higher and those having LDL 
cholesterol levels between ISO and 159 
mg/dL (3.36 through 4.13 mmol/L) who 
have two or more CHD risk factors 
would be candidates for dietary inter- 
vention. In adults with evidence of CHD, 
those with LDL cholesterol values great- 
er than 100 mg/dL (2.59 mmol/L) would 
also be candidates for dietary interven- 
tion. 

After an adequate trial of dietary mod- 
ification, consideration may be given to 
drug therapy if LDL cholesterol levels 
remain SO mg/dL (0.78 mmol/L) higher 
than the initiation levels. Thus, ATP II 
LDL cholesterol levels for considering 
drug therapy comprise the following: (1) 
190 mg/dL (4.91 mmol/L) and higher for 
persons without CHD and with fewer 
than two CHD risk factors; (2) 160 mgl 
dL (4.14 mmol/Ij) and higher for persons 
with two or more CHD risk factors: and 
(3) 130 mg/dL (3.36 mmoVL) and higher 
for patients with existing CHD. Men 
younger than 35 years of age and women 
younger than 56 years of age with LDL 
cholesterol levels between 190 and 219 
mg/dL (4.91 through 5.66 mmol/L) who 
do not have CHD or multiple CHD risk 




Age-adjusted serum total ohoSestsrol levels of the 
US population aged 20 through 74 years for 1976 
through 1960 (unpublished data from the second 
National Health and Nutrition Examination Survey 
(NHANES II]) and 1988 through 1991 (unpuWished 
data Irom NHANES III). 



factors would not generally be candidates 
for drug therapy unless they have a par- 
ticularly increased risk of CHD. 

ApplicaUon of the ATP II Guidelines 
to NHANES III and NHANES II 

In applying the ATP II guidelines to 
NHANES data, definite CHD was de- 
fined as a positive response to the Rose 
Questionnaire for Angina Pectoris^" or a 
reported history of heart attack.**'* Di- 
abetes mellitus was defined as reported 
history. In NHANES III, data are not 
yet available to evaluate menof^usal sta- 
tus or possible use of estrogen replace- 
ment therapy. Family history of pre- 
mature CHD was defined as a reported 
heart attack in a first-degree relative 
before the age of 50 years. Data were 
available in NHANES II to determine 
the presence or absence of all the risk 
factors except family history of prema- 
ture CHD. 

Because of within-person variability 
in serum lipids, both the ATP II and the 
ATP I guidelines specify that all treat- 
ment decisions for an individual patient 
should be baaed on the average of two 
(and in some cases three) measurements, 
with all repeated measurements made 1 
to 8 weeks apart.'"* However, the effect 
of within-person variation on population 
prevalence estimates based on a single 
measurement of serum lipids has been 
shown to be minimal.^ " 

Data Anaiyt^ 

All results from NHANES III and 
NHANES II are based on the sample 
weights to produce national estimates. 
For analyses focusing on current levels 
using NHANES III data, all available 
data for the entire age range were used 
in the data analysis (eg, mean blood pres- 
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Table 1 .— Pwcantage of US Popi^tion Aged 20 Years and Older Who Require Fasting Upopiotehi Analysis' 
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Mexican Amefioan 
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Non-Hispanic whitef 



se (CHD). and risk factors (RFs) for CHO. 
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sure was the average of as many as six 
blood pressure measurements). For 
trends analyses, age was restricted to 
20 through 74 years, family history of 
premature CHD was not included as an 
ATP II risk factor, angina was evalu- 
ated for ages 25 through 74 years, mean 
blood pressure was the average of the 
three readings (hoi^ehold readings in 
NHAHES III and mobile e^camiimtion 
center readinp in NHANES II), and 
data were age-adjusted using the direct 
method to the total adult population for 
1980. 

To simulate the effect of dietary mod- 
ification on the potential percentage of 
adults who might require drug therapy, 
the LDL cholesterol levels of the can- 
didates for dietary intervention were 
reduced by 5%, 10%, or 15%, and the 
resultant values were compared with 
the guidelines for consideration of drug 
therapy. Population estimates for 1990, 
age- and sex-specific dietary therapy in- 
tervention rates, and age- and sex-spe- 
cific drug treatment intervention rat^ 
(assuming an average 10% reduction in 
LDL cholraterol due to dietary modifi- 
cation) were used to estimate the total 



number of adults, in millions, who might 
be candidates for medical advice and 
intervention using dietary modification 
and drug treatment. 

RESULTS 

During the period fi-om NHANES II 
(1^76 through 1^) to NHANES III 
(1988 throng 1991) there was a substan- 
tial downward shift in the age-adjusted 
distributt(»t of aeniin total ehol^terol 
(Figure). The age-adjusted profsnrtion of 
adults 20 through 74 yeara of age with 
serum total cholesterol levels of 240 mg/ 
dL (6.21 mmol/L) and higher decreased 
from 26% to 20% (men, 26% to 19%; wom- 
en, 28% to 20%), while the proportion 
with levels lower than 200 mg/dL (5.17 
mmol/L) increased firom 44% to 49% (men, 
44% to 48%; women, 43% to 60%). The 
proportion with levels between 200 and 
239 mg/dL (5.17 and 6.20 mmol/L) in- 
creased slightly from 30% to 31% (men, 
31% to 33%; women, 29% to 30%). The 
decreases in the age-adjusted percent- 
age with hi^ cholesterol levels were sim- 
ilar for blades and whites, although tl^re 
appeared to be a lai^ shift for whites 
toward desirable levels (data not shown). 



When the ATP II guidelines were ap- 
plied to the NHANES III data, it vras 
estimated that 40% of adults would re- 
quire lipoprotein analysis (Table 1), of 
whom about one sixth (7%/40%) had ex- 
isting CHD. More than half of the re- 
mainder (18%/33%) had high blood cho- 
lesterol levels (240 mg/dL [6.21 mmol/ 
L] and higher), while the rest had bor- 
derline-high cholesterol levels (SWO 
through 239 mg/dL [5,17 through 6.20 
mmol/L]) vrith multiple nonlipid CHD 
risk factors (7%) or HDL cholesterol 
levels lower than 35 mg/dL (0.91 mmol/ 
L) (7%). The rates of lipoprotein anal- 
ysis were about eight percentage points 
lower in Mexican Americans and blacks 
than in whites. They were also slightly 
higher for men than for women. 

Approximately 29% of all adults 20 
years of age or older {74% of those re- 
quiring fasting lipoprotein analysis) would 
be candidates for dietary therapy (Table 
2). Six of seven of those with preexisting 
CHD would be candidates for interven- 
tion. More than two thirds of the candi- 
dates for dietary therapy who did not 
have established CHD amm%) came 
from those with high-risk LDL choles- 
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TeAile 2.— Pereenlage of US Popitolion Aged 20 Years and OtdeT Who Are Candidates lor Dietaiy intervention* 
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to rounding. Numbers in parentheses indicate the percentage ot those requiring fasting lipoprotein analysis who are candidates for dietary 



terol levels (160 mg/dL [4.14 imnol/LJ and 
higher), while the remainder (7%/23%) 
had bonlerline-high-risk LDT^ cholester- 
ol levels (130 through 159 mg/dL [3.36 
through 4,13 mmol/L]) and two or more 
CHD risk fiactors. Rates of candidacy for 
dietary intervention were lowest kac Mex- 
ican Amaricans (21%), highest for whites 
(31%), and intermediate for blacks (27%). 

Overall, 32% of men and 27% of wom- 
en would be candidates for dietary in- 
tervention (Table 2). The proportions in- 
crease substantially with age in both sex- 
es, up to the age category of 55 through 
64 years. Below that E^e category, the 
gap between men and women is the most 
pronounced. Above it, the gap narrows 
and is reversed after the age of 75 years. 
Beginning with the category of 55 
through 64 years, approximately 50% of 
all men and women would be candidates 
for dietary thempy, 

Currently, as shown in Table 1, 
of the total US adult population would 
not require fasting lipoprotein analysis. 
Applying the ATP O LDL cholesterol 
criteria, 4% of that 60% (approximately 
2% of the total US adult population) 
would be candidates for dietary inter- 
vention. The two-step process described 
in ATP 11 to identify persons who need 



dietary therapy identified 94% 
(29%/31%) of all the persons who would 
have been identified if the process had 
begun with fasting lipoprotein analysis. 

Based on the ATF 11 guidelines, the 
age-adjusted proportion of US adults 
who would require fasting lipoprotein 
analysis (calculated for ages 20 through 
74 years in both NHANES II and 
NHANES III) dropped from 44% in 
NHANES II to 37% in NHANES III, 
and the proportion who would be can- 
didates for dietary therapy decreased 
from 35% to 27%. The decline were 
similar for blacks and whit^, but were 
greater in women than in men (data not 
shown). 

For i»ople who require intervention 
for high blood cholesterol, the primary 
method of intervention is dietary ther- 
apy. However, an important question is, 
"What proportion of the population 
might be candidates for drug therapy 
aiter an adequate trial of dietary mod- 
ification?" If it is assumed that dietary 
intervention would uniformly reduce 
LDL cholesterol levels by 5%, 10%, or 
15%, it is predicted that 10%, 7%, or 5%, 
respectively, of all adults might require 
drug treatment after dietarj' interven- 
tion; about 30% to 40% of these individ- 



uals have existing CHD (Table 3). The 
percentage who might require drug ther- 
apy is lower for Mexican Americans than 
for non-Hispanic blacks and for whites. 
Proportionately, few men younger than 
45 years and few women younger than 
55 years would require drug treatment. 
Assnming a 10% reduction in LDL cho- 
lesterol levels, approximately half of the 
rate for men older than 54 years of age 
is composed of those with preexisting 
CHD; for women older than 54 years of 
age, the proportion of the total with pre- 
existing CHD ranges from 25% to 60%. 

Using the age- m<d sex-spedfic data 
from Table 2 for the total proportion who 
are candidates for dietary intervention 
and similar data from Table 3 and as- 
suming a uniform 10% reduction in LDL 
cholesterol levels due to dietary modifi- 
cation, the number of adults 20 years of 
and older who might require dietary 
modlReation and drug therapy was esti- 
mated. Based on the 1990 population, it 
is estimated that approximately 52 mil- 
lion Stilts require dietary modification 
for h^h blood cholesterol. It is also es- 
timated that up to 12.7 million Ameri- 
cans might require cholesterol-lowering 
drug treatment. This estimate does not 
take into account the feet that these drugs 
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Tal^ a-^iwJicted Percentage o( US Population Aged 20 Years awiadaf Who Mlj^t Qualify tof Drug Treatment After Dietary Inteiyention* 
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iAII Hispanic persons were excluded. 
§lnolud8s Hispanic persons. 



are not recommended by ATP 1 1 for sick 
or infirm older patients, and thus may 
overstate their potential use in the eld- 
erly. This estimate includes approximate- 
ly 4 million adults with established CHD, 
of whom 2 miUion are aged 65 years or 
more, and up to 8.7 million adults with- 
out established CHD, of whom up to 3,1 
million are a,g<ed 65 years or more. 

CCHMMENT 

Comparing data from NHANES 11 
(1976 through 1980) with data from 
NHANES III (1988 through 1991) re- 
veals there was a substantial decline in 
mean serum total and LDL cholesterol 
levels.* The £^e-adjusted proportion of 
the adult population with total choles- 
terol levels 240 mg/dL (6.21 ramol/L) 
and higher fell to 20%, Moreover, the 
decline in the proportion of the adult 
population who would be candidates for 
dietary therapy—from 35% to 27% for 
those 20 through 74 years of age — is due 
principally to the observed decrease in 
blood cholesteK)! levels; it is not an ar- 
tifact of the revision of the ATP guide- 
lines. Two analyses demonstrate this. 
When the ATP II guidelines were ap- 



plied to both NHANES II and 
NHANES III, there was a net fall of 7% 
in the proportion of adults who required 
lipoprotein analysis (44% to 37%) over 
the 12-year period and a net fall of 8% 
in the proportion who needed dietary 
intervention (35% to 27%). Furthermore, 
when ATP I guidelines were applied to 
NHANES II data, it was reported that 
41% of all ^ults required lipoprotein 
analysis and 36% needed dietary ther- 
apy.^Those figures indicate that the ATP 
11 guidelines as compared with ATP I 
may have introduced a net increase of 
3% in the rate of lipoprotein analysis 
(from 41% to 44%) and a 1% fall in di- 
etary therapy rate (firom 36% to 35%). 

Despite declining serum cholesterol 
levels, there was little change in the 
proportion who required fasting lipo- 
protein anaiysiB under ATP II (40%) 
compared with ATP I (41%) because of 
revisions to the ATP I guidelines. Un- 
der ATP II, persons with existing CHD 
or a low HDL cholesterol level (less than 
35 mg/dL [0.91 mmol/L]) are now re- 
ferred for lipoprotein analysis regard- 
less of their total cholesterol level; arisk 
factor is subtracted for a high HDL cho- 



lesterol level (higher than 60 mg/dL (1.55 
mraol/L]), and age (defined differently 
for men and for women) is now a rirfc 
factor (whereas in ATP I, nuile sex was 
considered a risk factor and age was not 
specifically considered). These changes 
were intended to better define and iden- 
tify all those who may be at higher risk 
of CHD, and who, aa a r^ult, require 
fasting lipoprotein analysis and further 
medical evaluation. Furthermore, the 
two-step process of a nonfasting mea- 
surement of total and HDL cholesterol 
levels followed by a fasting lipoprotein 
analysis identified 94% (29%/31%) of all 
the US adults who would have met the 
ATP II guidelines for dietary therapy if 
fasting lipoproteins had been measured 
initially in all adults. 

More m&a {32%} than women (27%), at 
present, are candidates for dietary thei^ 
apy (Table 2). The large differences be- 
tween men and women in the propor- 
tions who require dietary therapy under 
the age of 45 years are mainly accounted 
for by the higher serum total cholesterol 
levete in men under age 45 years than in 
women.* In the 45- through 54-year ag^ 
group, differences in mean serum total 
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cholesterol levels between men and wom- 
en are not evident, and the differences in 
dietary therapy rates can be accounted 
for by lower HDL cholesterol levels in 
men and the fact that age becomes a risk 
factor for men at this point. After 55 
yeara of age, there is a crossover in mean 
levels of serum cholesterol which, along 
with age now being a risk factor for wom- 
en, leads to a narrowing of the gap be- 
tween men and women and eventually to 
women having higher rates of candidacy 
for dietary therapy than men for those 
older than 75 years of age. 

There are also significant differences 
in the proportion who are currently can- 
didates for dietary therapy among dif- 
ferent ethnic groups. The proportion for 
Mexican Americans is 10 percentage 
points lower thm the proportion for non- 
Hispanic white Americans. Lower mean 
serum total and LDL cholesterol levels^ 
probably account for much of the dif- 
ferences, but a complete understanding 
of the difference awaits the completion 
of a detailed analysis of the lipid and 
lipid-related data from both NHANES 
III and the Hispanic Health and Nutri- 
tion Examination Survey (data collect- 
ed from 1982 through 1984), which is 
currently under way.'"^ 

Accorfing to the ATP II guidelines, 
after an adequate trial of dietary ther- 
apy, consideration may be given to drug 
treatment if LDL cholesterol levels re- 
main substantially (30 n^dL L0.78 mmol/ 
LJ) higher than initiation levels for di- 
etary therapy. In this article, we report 
that less than one fourth (7%/29%} of 
those who require dietary therapy might 
be considered for drug treatment. Three 
percent of men younger than 45 years of 
age and between 3% and 5% of women 
younger than 55 years of age are pre- 
dicted to be potential candidates for drug 
treatment. The values for those over 65 
years of age are probably an overesti- 
mate, since further analysis is neces- 
sary to exclude individuals who, because 
of illness or infirmity, may not be ap- 
propriate candidates for cholesterol-low- 
ering drugs. These relatively low esti- 
mates reflect the intent of the guide- 
lines to maximize diet therapy and to 
reserve potentially costly drug treat- 
ment for high-risk patients. 

The estimate of the numbers of adults 
who might need drug treatment is based 
on the assumption of a 10% reduction in 
LDL cholesterol attributable to dietary 
therapy. Several large-scale diet stud- 
ies in free-living populations have 
achieved 10% to 15% reductions in se- 
rum total cholesterol'^'" compared with 
about 15% to 25% in controlled meta- 
bolic ward studies, probably because of 
Jess vigorous adherence to diet. The per- 
centage reductions are usually greater 



if expressed in terms of LDL choles- 
terol than total cholesterol. It has been 
recently suggested that diets lower in 
saturated fat and dietary cholesterol 
than the Step 1 Diet (which involves an 
intake of saturated fat of 8% to 10% of 
energy intake or calories, £30% of cal- 
ories from total fat intake, and choles- 
terol intake of <300 mg/24 h**) may be 
necessary to achieve reductions of about 
10%." 

The NHANES III data are the most 
current national data on the prevalence 
of high blood cholesterol. Yet, because 
of certain aspects of NHANES and 
cross-sectional studies in general, the 
results presented herein should be in- 
terpreted cautiously; they are only es- 
timates, Limitations of the data include 
the following: the sample size is rela- 
tiviely small for some of the data; the 
number of persons with clinically ap- 
parent CHD or diabetes may have been 
underestimated (because precise diag- 
nostic information was lacking); and it 
was not possible to assess peripheral 
arterial or carotid artery disease. Also, 
information was coHect&d in NHANES 
III on family history of premature CHD 
prior to 50 years of age, which is some- 
what different from the definition in ATP 
IP of an event in a first-degree relative 
prior to 55 years of £^e in men and prior 
to 65 years of age in women. On the 
other hand, estimating an individual's 
mean blood pressure with as many as 
six blood pressure measurements helped 
to reduce misdaussiflcation. 

The 1980s saw a marked increase in 
the amount of cholesterol-related infor- 
mation directed to professionals and the 
public. These include the inception of 
the NCEP in 1985, the release of the 
first set of ATP guidelines by the NCEP 
in the fail of 1987, and intensified cho- 
lesterol education efforts by a range of 
organizations. The present findings sug- 
gest that these efforts have contributed 
to a substantia] reduction in the prev- 
alence of high blood cholesterol. 

The Department of Health and Hu- 
man Services has established preven- 
tion objectives for the year 2000.^* One 
of those is to reduce the proportion of 
adults with blood cholesterol levels 240 
mg/dL (6.21 mmol/L) and higher to 20% 
or less. Although this interim goal ap- 
peai^ to have been reached , many Amer- 
icans still have blood cholesterol levels 
that are too high. The reductions in blood 
cholesterol, judicious application of the 
ATP II guidelines by the medical com- 
munity, and continued efforts by the 
population at large to reduce intakes of 
saturated fatty acids and dietary cho- 
lesterol and to adopt a more heart- 
healthy life-style should lead to fiirther 
reductions in blood cholesterol levels 



and, it is hoped, to further reductions in 
CHD incidence and mortality. 
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Exhibit C: Ansell et aL, JAMA 282(21):2051-2057 (1999) 



An Evidence-Based Assessment of 

the NCEP Adult Treatment Panel II Guidelines 



Context The Second Report of the National Cholesterol Education Program (NCEP) 
Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in 
Adults (Adult Treatment Panel il) was issued without the benefit of multiple recently 
published large clinica! trials. 

Objective To analyze the panel's guidelines for treatment of high cholesterol levels 
in the context of currently available clinical trial results. 

Data Sources MEDLINE was searched forall English-language clinical trial data from 
1993 through February 1999 relating to the effects of cholesterol treatment on car- 
diovascular clinical outcomes. 

Study Selection Studies that were selected for detailed review assessed the effects 
of cholesterol lowering on either coronary events, coronary mortality, stroke, and/or 
total mortaJity, preferably by randomized, double-blind, placebo-controlled design. Se- 
lection was by consensus of a genera! internist, a lipid clinic director, and a researcher 
In atherosclerotic plaque biology, A core of 37 of the 317 initially screened studies 
were selected and used as the primary means by which to assess the guidelines. 
Data Extraction By consensus of the group, only prespecifled end points of trials 
were included, unless post hoc analysis addressed issues not studied elsewhere. 
Data Synthesis Recent clinical trial data triostly support the Adult Treatment Panel 
II guidelines for cholestero' inanagement. While existing trials have validated the tar- 
get low-density lipoprotein cho:esteroi (LDL C) goals in the report, studies are lacking 
that address mortality benefit from reduction below these levels. Few lipid-lowering 
trials have treated patients with low high-density lipoprotein cholesterol and/or el- 
evated triglyceride levels with LDL-C levels at or below treatment goals. 
Conclusions Lipid-towering therapy generally should be more aggressively applied 
to patients with di^etes and/or at the ttme of coronary heart disease (CHD) diagno- 
sis. The evidence for statin use in secondary CHD preventiof) in postmenopausal women 
outweighs current evidence for use of estrogen replacement in this setting. Further 
studies are needed to address the effects of lipid modification in primary prevention 
of CHD in populations other than middle-aged men and to study markers of lipid me- 
tabolism other than LDL-C. 

iAMA. 1999:282:1051-2057 www.jama.com 
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TI1lSU(1\JR "Olvl Ui 11!lNA 
tional Cholesterol Education 
ProHiamlNil P)rxptrt Pane! 
on Detection, bvalualion. and 
I Teaiment of High Blood Cholesterol in 
Adults (Adult Treatment Panel 11)' in 
1993 was based on review of observa- 
tional epidemiology, lipoprotein me- 
tabolism, animal studies, and early clini- 
cal trials. No clinica! trial or meta- 
analvsis had vet demonstrated a 
rcditctjon in overall mortality. Further- 
more, there was ct)ncern regarding data 
suggesting increased noncoronary mor- 
mn\ resulting from drug therapy in 
some trials. Benefits from pharmaco- 
logical treatment oriower-nsk pnmary 
prevention patients could be oflset bv m- 
c reused relative risks and co.sts ol 
nu-rapv. t'erhaps most importantly, al 
though studies with the relatively new 
3-hydroxy-3-melhylglutaryl coen- 
zyme A reductase inhibitors (statins) 
were promising, they were prelimi- 
nary, and the first large statin trial had 
not yet been pubhshed. For these rea- 
sonl the Adult Treatment Panel 11 (ATP- 
11) report made relatively cautious rec- 
ommendaiions about whom and when 
to treat, and considered nicotinic acid 
and bile acid sequestranis preferable to 

With ihercsulis of several large clini- 
cal trials reported after the ATP -11 report, 
il is now possible to assess the recom- 
mendations with this additional evidence 
in mind. In addition, issues addressed 
in limited fashion or not addressed in the 
report, such as coronary disease associ- 
ated with organ transplantauon and treat- 



ment of lipid abnormalities in elderly pa- 
tients can be examined. 

Methods 

A group con.sisting of a general inter- 
nist, a lipid clinic director/cardiolo- 
gist, and an atherosclerosis researcher 
met between February and May 1999 
and conducted a revievv- of random- 
ized, controlled clinical trials pertain- 
ing to lipid lowering published since 
1993, A MEDLINE search of all En- 
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glish-language clinical trials assessing 
the effects of cholesterol treatment on 
coronary events, coronary mortality, 
stroke, and/or total mortality was con- 
ducted, yielding 317 studies. Studies 
were limited to human subjects and 
sttidies whose nriman/ outcome mea- 
surements were biochemica!, physi- 
olo„i md/( r mgk graphic were ex 
clu i d unless tho ut-fc bdi ^Ld to 



stud 



jdin 



uilLS L 



simtchm ahinl w.n inLlu.kd m iht 
review and were considered the pri- 
mary evidence by which the ATP-H 
guidehnes should be assessed. 

Safety 

Concern regarding potential adverse 
effects of lipid^ioweriug medications 
proinpled the ATP -II to recommend cau- 
tion in their use in the primar,' preven- 
tion of CUD. Contributing to' this cau- 
tious approach were (I) the finding of 
increased risk of accidental and violent 
death in patients treated for hypercho- 
lesterolemia' and (2) reports of increased 
noncardiovascular death in several lipid- 
lowering trials, These trials were subse- 
<[uently reported by Gould eial" to reveal 
a 30% increase in noncardiovascular mor- 
tality and a 17% increase in total mor- 
tality with fibrates. Since the ATP-II 
report's publication, there have been 
additional ti-ials with fibrates, niacin, res- 
ins, and statins showing no increase in 
noncardiovascular mortaUly. In a meta- 
analysis of 29 000 patient-lives in statin 
monotherapy CI ID prevention trials pub- 
lished after the ATP-11 report, 
in noncardiovascular mortality 



CHD Risk Status as a Guide 
to Intensity of llierapy 

The ATP-11 report recommended us- 
ing Cl lD risk status as a guide to the in- 
tensity of therapy. It divided the popu- 
lation at particular risk for CHD into 3 
groups, based on known atheroscle- 
rotic disease, multiple CUD risk fac- 
tors, or isolated hypercholesterolemia 
without other risk factors. This ap- 

J052 JAMA, IJetern'oer 1, {Wfl— vol 282. No. 2. 



proach was based m part on ( 1) clini- 
cal tnat eMdcPLC dcmotiM^ juno QID 
mortalm icduci. i 'm-J . loUstc-til 

was Lons.dtt.d . - j:tns,\L . ud pi teti- 
iially risky medical therapy lor those at 
greatest CHD risk, and (3) recognition 
thai at the time of the ATP-11 report, to- 
tal mortality benefit with lipid treat- 
ment had not been demonstrated. The 
tarct'.! low-derisits' iipoprotein choles- 
icnl IDl Okvei wc!elessthan4 14 
mmol/l.. tltiO m^/Gl,; lor pnmarv pre- 
eniionpuitnis uh I iin-m^tHD 
ii-,1 fictois Its th-ii 3 5 mm bl (130 
mg/dL) lor primary prevention pa- 
tients with 2 or more additional risk fac- 
tors, and less than 2.39 mmolA. (100 mg/ 
dL) m secondary prevention. The LDL-C 
recommendations differed somewhat 
from European standards, which sug- 
gest an LDL-C treatment goal of 3.00 
mniol/L (116 mg/dL) in patienLs (with 
or without CHD) with greater than 2% 
per year absolute CHD event rates cal- 
culated from the Framingham risk 
model. Both guidehnes emphasize the 
importance of assessing CHD risk in de- 
termining candidates for therapy, 

Since the ATP-11 report, .several trials 
have demonstrated reduction in both 
CHD and total mortality with statin 
therapy, First, the Scandinavian Simvas- 
tatin Survival Study (4S} of hyperlipid- 
emic subjects with CI ID showed a 30% 
relative and a 3.3% absolute risk reduc- 
tion in total mortality with simvastatin 
therapy for just over 5 years," Later, the 
Long-term Intervention With Pravas- 
tatin in Ischaemic Disease (LIPID) study 
showed a 23% relative and a 3.1% abso- 
lute risk reduction in total tnortaiity with 
pravastatin treatment in a diverse group 
of CHD patients during a 6-)'ear period. 
Furthermore, other large trials demon- 
strated benefit from reduction of cho- 
lesterol levels considered to be average 
in she ATP-il report. In the Cholesterol 
and Recurrent Events (CARE) trial, 
pravastatin therapy )ielded a 24% rela- 
tive and a 3.0% absolute risk reduction 
in fatal CHD events and nonfatal myo- 
cardial infarctions (M!s) in CHD patients 
with "average" total cholesterol levels 
(mean. 5.41 mmol/l. [209 mg/dLj).'Mn 



these trials, clinical event reductions were 
noted as early as 3 to 6 months in padents 
receiving drug therapy. The consistent 
and early benefit of statin therapy in CHD 
patients strongly suggests beginning 
hpid-lowering therapy at the time of CI ID 
diagnosis, rather than after failure of non- 
pharmacological means as suggested by 
the ATP-11 report. This prompted a recent 
statement from the American Heart Asso- 
ciation Task Force on Risk Reducti on that 
''withholding drug therapy in an effort 
to reach target LDL with the nonphar- 
maceutical approach is not necessar)'" in 
CHD patients whose LDL-C levels are 
more than 3.37 mmol/L (L30 mg/dl).'' 

The .ATP-II recommendations for 
primary prevention are jxirticuiarly atu- 
tious, again based on lack of total mor- 
tality benefit seen in this population. 
Since that time, however, multiple 
primar)' prevention studies have dem- 
onstrated a relative risk reduction in CHD 
events in men treated wnth cholesteroi- 
iowering therapy,'^ In a sample of high- 
risk men from the West of Scodand Coro- 
nary Prevention Study (WOSCOPS) with 
mean LDL-C levels of 4.97 mmoVL ( i 92 
mg/dL), there was a 22% relative and a 
0.9% absolute risk reduction in total mor- 
tality in association with a 33% relative 
and a 0.6% absolute reduction in coro- 
nar)' moriahiy.^° Most recently, the .Air 
Force/Texas Coronary Atherosclerosis 
Prevention Study (AFCAPS/TexCAPS) 
demonstrated that lovasiatin treatment 
produced a reduction in CHD events in 
a lower-risk population than that stxid- 
ied in WOSCOPS trial. Only 1 7% of the 
Study cohort would have qualified for 
drug therapy according to ATF-ll guide- 
lines. Furthermore, treaunent with stat- 
ins did not appear to be associated with 
adverse noncoronan' events.' ' Given that 
there is significant relative risk reduc- 
tion in CHD event rates possible with 
lipid lowering among populations with 
varying CHD risk, primary prevention 
guidelines need to consider the abso- 
lute event reduction and, as a result, the 
cost-efficiency of drug therapy, 

The target LDL-C levels in the Al P-ll 
report were made with data from an- 
giographic trials and observational stud- 
ies comparing LDL-C levels and CHD 
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mortality. Since the recommenda- 
tions were made, several relevant clini- 
cal trials and post hoc analyses have 
been published that indirectly address 
the issue of optimal LDL-C treatment. 
The Post Coronar)' Bypa.ss Graft Trial 
assessed surrogate end points in ap- 
proximately 1330 patients who had un- 
dergone bypass grafting in the previ- 
ous 1 to 11 years,'* Patients were 
randomized to an aggressive (ie, NCEP 
standard) target LDL-C level of 2,39 
mmol/l- ( 1 00 mg/dL) or less vs a mod- 
erate LDL-C level of approximately 3.30 
mmol/l,. (135 mg/dL) using lovastatin, 
with cholestyramine added as neces- 
sary. Fewer patients showed angio- 
graphic progression and required sub- 
sequent bypass surgery with she 
aggressive compared with the moder- 
ate lowering approach. In the 4S trial, 
post hoc review suggested that both 
lower posttreatment LDL-C levels and 
greater changes in LDL-C levels from 
baseline were highly correlated with re- 
ducdon in major coronary events." In 
the Atorvastatin Versus Revasculariza- 
tion Trial (AVERT), patients with mild 
angina were randomized to receive 
high-dose atorvastatin vs coronary an- 
gioplasty and/or usual medical care. The 
36% relative and 8% absolute risk re- 
duction in ischemic events in the ator- 
vastatin group trended toward statisti- 
cal significance and was associated with 
an LDL-C level of 1 ,99 mmol/L (77 mg/ 
dL) compared with 2.08 mmol/L (119 
rag/dL) in the angioplasty/usual care 
group. The results were limited by the 
small trial size (n = 341), the neces- 
sity for open-label design, and the het- 
erogeneity of hpid treatment in the an- 
gioplasty/usual care group (71% were 
taking statins at the end of the trial).-" 
Post hoc analysis of the results from 
the CARE trial suggest that no addi- 
tional event-reduction benefit was 
achieved with pravastatin in LDL-C re- 
duction to less than 3.24 mmol/l, (125 
mg/d L) compared with patients whose 
LDL-C levels were greater.^' In con- 
trast, a treat meni LDL-C threshold was 
not observed with simvastatin in post 
hoc analysis of the 4S trial. How- 
ever, post hoc analyses can often be mis- 



leading; thus, this issue remains un- 
settled and, to dale, no trials have been 
published coinparing mortality using 
differens LDL-C treatment targets. 

For patients who have a CHD event 
and whose LDL-C level is already less 
than 2.59 mmo!/l. (100 mg/dL), there 
were no additional lipid recommenda- 
tions provided in the ATP-11 report. A 
number of trials examining the effects of 
aggressive LDL-C reduction beyond this 
level are under way, which should help 
provide guidance for such patients. Un- 
til these data are available, the possible 
approaches to such patients include in- 
creasing LDL-C reduction with statins; 
addition of niacin, fibric acid deriva- 
tive, or bile acid resin; or a combination 
of these approaches. Given no current 
data on this subject, the practicing phy- 
sician is compelled to assess further cho- 
lesterol reduction in the context of other 
concomitant risk factors. 

Populations at Risk 

Low HDL-C. The ATP-II report identi- 
fied low high-density lipoprotein cho- 
lesterol (HDL-C) (<0.91 mmoVL 135 
mg/dL j) as a major risk factor for CHD 
while recognizing high HDL-C (>1.55 
mmol/L [60 mg/dL]) as protective. The 
report recommended that "therapeutic 
decisions should lake into account HDL 
choleslcrol ;evcis Purl t;er, 1 1DL-C lev- 
els of less than 0 91 raraol/L (35 mg/dL) 
have been shown to predict increased 
coronary inoriality in men regardless of 
total cholesterol level. A 2% reduction 
in CHD events in the LRC-CPPT trial was 
attributable to theHDl.-C-raisingeflVxts 
of cholestyramine in addition to its LDL- 
C-lowering effects.' ''-'' Little prospec- 
tive evidence of the treatment of low 
I IDL-C is available from, either priman,' 
or secondary prevention trials. In the 45*^ 
and LIPID' ^^i''''^'" secondarj' prevention 
trials, statin treatment reduced risk of 
coronary death independent of HDL-C 
concentration- The VA-HDL Interven- 
tion Trial (VA-HIT), examining CHD 
patients with both low HDL-C (< 1.03 
mmol/L (40 mg/dLj ) and relatively low 
LDL-C (<3.63 mmoW- [140 mg/dL]) 
levels, showed a lO^i relative risk reduc- 
tion in CHD death and nonfatal Ml with 

^ghis reserved. 



gemfibrozil vs placebo.^' The AFCAFS/ 
TexCAPS study showed CHD event 
reduction using lovastatin in a pri- 
mary prevention population with low 
to normal HDL-C (mean, 0,94 mmol/L 
[36 mg/dL]) and slightly elevated 
LDL-C (mean, 3.89 mmol/L [150 
mg/dL]) levels, although the absolute 
benefit was small due to low event rates 
in both groups. Benefit with lovastatin 
therapy was seen only in patienLs whose 
baseline HDL-C levels were m the low- 
est teniles (ie, <1.03 mraol/L, [40 

!ng/dL[)."'P'"" 

Because statins have established supe- 
rior benefit in the CHD population, they 
should be used as first-line therapy in 
most secondary prevention patients, 
Ftbrates may be an acceptable alterna- 
tive if the LDL-C level is less than 3.63 
mmolA, (140 mg/dL) and the HDL-C 
level is less than 1 ,03 mmoVL (40 mg/dL), 
as suggested by the V.A -HIT trial. Com- 
parative studies of statins and fibrates in 
the CHD population with low HDL-C 
levels are not available. There are also 
insufficient data to specify the most 
appropriate means to improve risk asso- 
ciated vrtth isolated low HDL-C in a pii- 
mary prevention populaticm already at 
LDL-C treatment goals. Given hide pro- 
spective trial data, the nonpharmaco- 
logical methods sugge.sted by the ATP-1 1 
report — physical aciivity, smcjking ces- 
sation, and weight reduction — should 
remain first-line therapy. Of the medi- 
cal therapies, niacin achieves the great- 
est HDL-C improvement in the usual 
dosage ranges, followed by estrogen 
replacement therapy for postmeno- 
pausal women, fibrates, and statins. No 
evidence-based conclusion can be made 
regarding treatment of padents with iso- 
lated iowT-lDL-C. 

Young Adults. Asymptomatic ath- 
erosclerosis was demonstrated in au- 
topsies of persons aged 2 to 39 years who 
died of various causes in the Bogaliusa 
Heart Study. The presence of cardio- 
vascular disease correlated with ante- 
mortem ATP-11 risk factors, including 
high LDL-C", and triglyceride levels, low 
HDL-C level, smoking, and hyperten- 
sion.-* The ATP-II report suggested de- 
ferring medical therapy for hyperlipid- 
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emia in young adults and lowering 
choksiero! levels through die.i and t-.x- 
ercise in most men younsier than 35 
years and most premenopausal women. 
The report did suggest drug iherapv m 
patients with extremely high LDL-L 
05.69 mmol/i_ |220 mg/dL]) or mul- 
tiple CUD risk factors, usualK \Mth les 
ins in very young palienls. Since thai 
Lime, there has been suggestion by some, 
including the American College of Phy- 
sicians, that young patients should not 
be screened at ail, based on concern re- 
garding ihe effects and expense of life- 
long therapy in this population.^' Since 
no randomized prospective trials have 
assessed long-term lipid-lowering 
therapy in this age group, no evidence- 
based recommendation can be made. 
However, the ATP-Il recommendation 
to begin screening at age 20 years al- 
lows for more modest interventions, 
such as diet and weight loss, to be used 
in some individuals and also allows for 
earlier identitkation of familial hyper- 
cholesterolemia ivm. 

Familial Hypercholesterolemia. This 
disorder, affecting approximately 1 in 
.")00 perstms in its heterozygous form 
(l ieFH) and approximately 1 in 1 mil- 
lion persons in its homozygous form, is 
strongly assticiated with premature CHD 
and other vascular events.^ Most au- 
thorities recommend trajtment of ho- 
mozygotes at diagnosis. Some have ar- 
gued for initialing medical therapy for 
patienus with HeFtI beginning in child- 
hood as well, given the tendency of these 
individuals to experience ClID events ht- 
ginning in the third decade of life.'*' Re- 
cently, Stein et al" reported that treat- 
ment with lovastatin for t year was 
effective in lowering LDL-C without ap- 
parent effect on sexual maturation in 
boys aged 10 to 17 years old with HeFI l, 
although the study was underpowered 
to detect significant safety differences. 

High Cholesterol Levels in Women. 
The ATP-ll report suggested to physi- 
cians treating hypercholesterolemia in 
premenopausal women to use a "cau- 
tious approach," concentrating on non- 
pharmacological means to reduce lipid- 
associated CHD risk. For female patients 
for whom drug therapy was reconi- 

2054 JAMA, l^temlxr \. IW--V0! 282, No. 21 



mended, those with high LDL-C levels 
and/or mulli[)le n.sk fjiclors. estrogen was 

considered hrsi-hne therapv. 1 his was 

appart n p oi^nisi t. I 1.1 I „sti ^1 r 

Health Study and other observational 
studies. In the Nur.ses He.alth Siuav. there 
was a sigmhcant reduction m the likeli- 
hood of a major CHD event in patients 
who had ever taken any form of estro- 
gen replacement." In patients with CHD, 
the ATP-Il report suggested that "the epi- 
demiologic evidence [was] particularly 
strong for secondary prevention in 
women with prior CHD." thus provid- 
ing ihe basis lor the recommendation of 
estrogen as fitsi-line therapy in this popu- 
lation. Recently published results of the 
randomized placebo-controlled Heart 
and Esirogen/Progestin Replacement 
Study (HERS) argue against this recom- 
mendation. This study found no benefit 
in postmenopausal women who had had 
an Ml and. in fact, found a .58% increase 
in CUD events m the first year follow- 
ing Vli m patients treated with an estro- 

rdtes i n the latter part of the 4. 1 -year study 
led to a net neutral effect of estrogen 
replacement therapy on rates of total mor- 
iality, CHD mortality, Ml, and stroke." 
No clinical trial evidence regarding ben- 
efit of estrogen replacement in postmeno- 
pausal women without CHD is cur- 
rently available. 

In contrast with estrogen replace- 
ment therapy, women appear to benefit 
from statin therapy similar to men, 
although there were fewer women in the 
large clinical trials of these agents. Sim- 
vastatin treat ment in the 4S trial was asso- 
ciated with a decreased coronary event 
rale in women . who composed less than 
15% of the study sample.' In 
ihe CARE study, the relative risk reduc- 
tion fo r maj or coronary events appeared 
even greater for women (43%) tJtan for 
men (21%) with pravastatin treatment; 
this was despite similar lipoprotein val- 
ues in both sexes.''<'""> In the LIPID trial, 
women achieved an 11% relative risk 
reduction in CHD events with pravas- 
tatin compared with a 26% reduction in 
the male study participants, '^■i'""'' Given 



these data, the ATP-II recommendation 
10 u.se horiiioiie replacement therapy as 
first-lsne iherapv m women with CHD 
ts not supported. A statin should be the 
liisi LhoKt lipid low cnng medication in 
virtuailv all female patients widi CHD. 
No e\ideni_L bisid asstssment is offered 
regarding A rP-li recommendadons for 
primarv cHD prevention in the pre- 
iTienopau.sal female population , given the 
current paucity of relevant data. 

Elderly Persons. Nearly 85% of 
people who die from CHD are aged 63 
years or older. The increased CHD 
inonality in elderly persons makes lipid- 
lowering therapy aimed at reducing 

Nonetheless, the ATP-II report sug- 
gested "caution in proceeding to drug 
therapy in the elderly" in primary CHD 
prevention because of increased poten- 
tial for adverse medication effects. In sec- 
ondary prevention, without support- 
ing trial data, the report suggested 
treatment of CHD in the elderly "in the 
context of patients' overall health sta- 
tus and likelihood of benefit." 

Likely because of their significantly 
higher baseline coronary event risk, 
patients older than 65 years in both the 
CARE and 4S trials had greater absolute 
coronary event risk reductions ihan 
younger patients. "'p'*'*'''-^'''!'''^'-"" In the 
LIPID trial, reduction in evetus appeared 
to be greatest in patients younger than 
55 years, but there was event reduction 
in all age groups. Because none of these 
trials enrolled any patients older than 75 
years (reaching a maximum age of 81 
years by the end of the trials), no defini- 
tive conclusion regarding eflicacy can be 
made in very elderly persons. However, 
currently available studies suggest lipid- 
lowei-ing therapy in treatment of CHD 
is likely to benefit elderly patients to a 
similar i f not greater extent than y o unger 
patients. In the area of primary Q-ID pre- 
vention, there is insufiicient evidence to 
provide a recommendation beyond the 
ATP-II guidelines for elderiy patients. 

Hypertriglyceridemia. Epidemio- 
logical studies assessing hypertriglyc- 
eridemia as an independent risk factor 
for CHD events conflict and are con- 
founded by its association with low 
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HDL-C level, hj-pertension, diabetes, 
and obesity. Tn addition, hypmriglyc- 
eridemia ajjpears to be synei'gislic with 
01 her wdl-dcfmed CUD risk factors, 
such as ek'vaied LDL-C and/or low 
, liDL-C levels, and is associated with 
other possible markers of atheroscle- 
rotic risk, such as small, dense LDL,'' 
Unfortunately, no trials have specifi- 
cally assessed the efi'ecis or optimal 
means of triglyceride lowering among 
patients with severe hypenriglyceride- 
mia. This may also be a difficult popu- 
lation to study given its heterogeneity; 
however, this is an area in great need 
of further trial data."^ 

Severe Forms of Hypercholesterol- 
cmvA. The ATP-H report recognized the 
particular risk associated with FH, fa- 
milial combined hyperlipidemia, and se- 
vere polygenic hypercholesterolemia. 
Even with the availability of high- 
potency statins, many of these patients 
require multiple forms of hypolipid- 
emic therapy in combination. In rare cir- 
cumstances, when this does not achieve 
an LDL-C goal, padents can undergo 
LDL-C apheresis, which has been asso- 
ciated with decreased CHD event rate 
and improved endothelial vasomo- 
tion,^' Despite the challenges associ- 
ated with treating these patients, use of 
multiple therapeutic modalities is jus- 
tified, given the marked increase in CHD 
event risk seen in this population. 

Transplant Recipients, A number of 
trealmenl options for immunosuppres- 
sanl-induced hyperlipidemia are avail- 
able, including statins and fish oils.'^ Fol- 
lowing heart transplantation, beneficial 
lipid efiecLs, decreased graft vascular dis- 
ease, and improved overall surxaval have 
been achieved by using either simvas- 
tatin"' or pravastatin.''^ Simvastatin also 
has been successfully used in combina- 
tion with apheresis in preventing graft 
vessel disease in heart transplant recipi- 
ents." Another study also showed im- 
provement in ejection fraction in heart 
transplant recipients treated with sim- 
vastatin; this effect appeared to be in- 
dependent of lipid effects.'*'' In rats, 
pravastatin was found to improve sur- 
vival in orthotopic liver transplant re- 
cipients,"*- and in humans, to reduce 



acute rejection following cadaveric re- 
nal transplantation.'"" The mecha- 
nis)Ti(s) of improved patient and graft 
survival in iratrsplani recipients treated 
with statins may include an immuno- 
suppressant effccl{s), as episodes of se- 
vere cardiac rejection were decreased in 
patients treated with pravastatin com- 
pared with placebo.*--^' The combina- 
tion of statins with cyclosporine in the 
transplantation setting justifies cau- 
tion because cyclospoiine increases po- 
tential for myopathy from statins, and 
statins have variable potential to in- 
crease serum cyclosporine levels. 

Secondary Oyslipidemias 

The ATP-II report acknowledged the 
high rate of CHD events in type 2 dia- 
betes, as well as recommendations that 
the treatment goals in this population 
should be the same as for patients with 
established CHD. However, lacking 
clinical trial data, the panel suggested 
that type 2 diabetes in patients with- 
out known vascular disease be consid- 
ered only as an additional CHD risk fac- 
tor. For treatment, the panel suggested 
bile acid sequestranis or statins, per- 
haps in combination with fibric acids. 

Since the ATP-II report, it has be- 
come clear that patients with type 2 dia- 
betes without history of Ml have com- 
parable risk o! Ml as nondiabetic patients 
Willi his lory ul MI. Furthermore, the 
7-year risk of recurrent Ml in the dia- 
betic population was 45%, approxi- 
mately 2.5 times the rate in the nondia- 
betic population.^* Statin therapy was at 
least as effective in reducing CHD events 
in diabetic populations in several re- 
cent trials. As a result of these data, the 
Atnerican Diabetes Association (ADA) 
clinical practice recomniendations for 
1999 recominend thai hypolipidemic 
therapy be initiated in all patients with 
type 2 diabetes and LDL-C levels greater 
than 2.59 mmol/L (130 mg/dL). The 
ADA-recom mended treatment goal is less 
than 2.59 mmol/L ( 1 00 mg/dL) 

Relationship Between 
Cholesterol and Stroke 

At the time of the ATP-II report, a rela- 
tionship between cholesterol and total 



stroke incidence was not evident. Al- 
though the Multiple Risk Factor Inter- 
vention Trial data suggest a direct rela- 
tionship between total cholesterol con- 
centration and risk of ischemic stroke, 
there was an inverse association between 
total cholesterol levels and risk of hem- 
orrhagic stroke; thus, the effects of lipid- 
lowering on overall st roke rale were not 
known. Furthermore, no reduction in 
the risk of stroke froin cholesterol reduc- 
tion was seen in meta-analysis of either 
dietary or drug trials in the treatment or 
prevention of CHD prior to the advent 
of statins.''""'" Several trials did show 
regression of carotid iniima/media thick ■ 
ness with statin treatment.'' '"Further- 
more, there appears to be considerable 
reduction of stroke incidence in CHD 
patients as well. Relative reduction in 
stroke risk by 19% to 32% was associ- 
ated with statin treatment in the CARE, 
4S, and LIPID studies, as well as in meta- 
analyses of statin monotherapy trials 
by Crouse etal,"^''''Blauwetal," andHe- 
bert et al.* Although there was a trend 
toward stroke reduction in primary CHD 
trials, the risk reduction reached statis- 
tical significance only in the secondaiy 
prevention trials. The reduction in stroke 
risk by statins in CHD is another ratio- 
nale for their recommendation for treat- 
ment of virtually al! CHD patients. 

Emer^ng CHD Risk Factors 

Since Ike ATP-II report, a variety of non- 
traditional CHD l isk factors have been 
suggested, including measuremenl.s of 
inflammation, possible infection, abnor- 
malities in vitamin Bu and/or folate me- 
tabolism, abnormalities of thrombosis 
and/or fibrinolysis, and endothelial dys- 
function.*^ In addition, more attention 
has been placed on the density and dis- 
tribution of LDL-C panicle types and 
HDL-C subfractions. While many of 
these risk factors have epidemiological 
associations with subsequent CHD 
events, no prospective randomized tri- 
als have evaluated targeting these risk 
factors; thus, it is not yet appropriate to 
formally recommend their use in a treat- 
ment algorithm. 

It is consistent with the ATP-II report 
to treat asymptomatic patients who are 
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identified as having any form of athero- 
sclerosis to a goal LDL-C level of less than 
2.59 mmol/L (100 mg/dL), even though 
these patients have not had a CHD event. 
Sinee up to half of patients who have an 
Ml never had angina prior to the event, 
using s™ptoms to predict risk is not jus- 
tified. Patients identified with athero- 
sclerosis are at high risk for C^HD events 
and thus justify an aggressive approach 
to cholesterol lowering. 



Clinical AAanagement 

From multiple lipid-lowering trials, it 
is clear that lowering LDL-C levels in 
CUD or high-risk primary prevention 
patients leads to clinical benefits. Still, 
there are not yet prospective trial data 
on other populations thai may also be 
at risk due to low HDL-C or high triglyc- 
eride levels. This makes construction of 
an entirely trial-based treatment algo- 
rithm currently impossible. As noted. 



Figure. AdLsIt Tre?.tment Algurithrn for Preference of Lipid-Lowering Therapy Based oi 
Findings From Lipid Intervention Tnais 
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several guidelines from other 
use estimated CHD event risk from the 
Framingham model to stratify necessity 
for treatment. In addition, variation be- 
tween treatment thresholds worldwide 
in pan reflects differing views regarding 
cost-effectiveness of therapy. The algo- 
rithm in the FiGURt reflects relevant Find- 
ings from lipid intervention trials while 
emphasizing the need for global risk as- 
sessiTsent to guide use of lipid-lowering 
therapy. In this treatment algorithm, 
lipid-lowering medication is not recom- 
mended for women of childbearing age 
unless known to have CHD, diabetes, or 
a high-nsk profile for CHD as outlined. 
In general, medical therapy is discour- 
aged in all primary prevention patients 
who are younger than 40 years who are 
not al "moderately high risk" (accept- 
able to use medication beginning at age 
35 years) or "high risk" (medication may 
be considered after puberty). 

Summary 

VvTiile the evidence since the publication 
of the ATP-I! report has, to some extent, 
allowed for modification of some of the 
recommendations, the substance of the 
guidelines remams. Sadlv, recent data 
suggest that as manv as 25% ol the adult 
population has not had their cholesterol 
measured, and the majoniv of patients 
with CHD are not treated to goal LDL-C 
levels. Clearly, implemenlauon ol these 
gutdelmes is as important as rehning 
them with the most current evidence. 

Recentstudies demonstrate thai statins 
benefit virtualiv all CHD patients and 
h!gh-nsk pnmarv prevention patients, 
IS ulII is LonkrstiokL uduciion bi.n 
thtint HDpuitnt. Fihultsullu po 
tLntnlinitduaionot tnghande lu 
cK^ndsuull dcnnlDI indimpiL^t- 
mcnlulHDL Lk t U tsptcnlh m C HD 
patients, although previous evidence ol 
increased noncoronary mortality witli 
this classjusiifies further study. 1 he role 
of hormone replacement m secondary 
CHD prevention needs lunhei stuav.but 
cannot be considered hrst-hne therapy 
at this time. Niacm and/or resin treat- 
ment remain second line therapies in 
CHD treatmentand prevention, although 
their roles m primary low HDL-C syn- 
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dromes remain to be elucidated. More 

studies are needed to address the effects 
of lipid modification in women, elder- 
ly persons, and very young persons. In 
addition, further studies of alternate 
markers of lipid metabolism and risk as- 
t may provide alternate treat- 
rategies in the future. 
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